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RU  LES 

ADOPTED  MAY,  1873.    AMENDED  MAY,  1875,  MAY,  1877,  MAY,  1878,  FEBRUARY.  ISSO, 
and  FEBRUARY,  ISSl. 


OBJECTS. 


The  objects  of  the  American  Institute  of  Mining  EnCxINeers  are  to  promote 
tlie  Arts  and  Sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  ineans 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 


IL 

MEMBERSHIP. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metallurgy,  or 
metallurgical  engineering.  Associates  shaU  include  all  suitable  persons  desirous  of 
being  connected  with  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates  approved  by  the  Council,  and  elected  by  ballot  at  a 
regular  meeting  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  or  associate  on  the  payment  of  his  first  dues.  Eacli  person  proposed  as  an 
lionorary  member  shall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council  and  elected  by  ballot  at  a  regular  meeting  on  receiving  nine- 
tenths  of  the  votes  cast ;  Provided,  tliat  the  number  of  lionorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  associate,  so  as  to  make  him  a  member,  or  vice  versa,  subject  to  the  ap- 
))roval  of  the  Institute.  All  members  and  associates  shall  be  eipially  entitled  to  the 
privileges  of  mend)ership;  Proi'/f/ef7,  that  honorary  members  shall  not  ha  entitled 
to  vote  or  to  be  members  of  the  Council, 

ill 
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Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of  the 
Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present  at  any 
annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary  to  the 
said  member  or  associate. 


III. 

DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars  per  annum,  payable  in 
advance  at  the  annual  meeting;  Provided,  that  persons  elected  at  the  meeting  fol- 
lowing the  annual  meeting  shall  pay  eight  dollars,  and  persons  elected  at  the  meet- 
ing preceding  the  annual  meeting  shall  pay  four  dollars  as  dues  for  the  current  year. 
Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  associate  may 
become,  by  the  payment  of  one  hundred  dollars  at  any  one  time,  a  life  member  or 
associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any  member  or  asso- 
ciate in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived  of  the  receipt  of 
publications,  or  stricken  from  the  list  of  members  when  in  arrears  for  one  year ; 
Provided,  that  he  may  be  restored  to  membership  by  the  Council  on  payment  of  all 
arrears,  or  by  re-election  after  an  interval  of  three  j'ears. 


IV. 


OFFICERS. 

The  affaii-s  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  I'e-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute  ;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meeting  the 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation  ;  or  the  Council  may, 
by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant, 
on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
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ings  or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled  by  the  appoint- 
ment of  the  Council,  and  any  person  so  appointed  shall  hold  office  for  the  remainder 
of  the  term  for  vvhicii  his  predecessor  was  elected  or  appointed  ;  Provided,  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next  annual  meeting. 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary, 
and  recorded  by  him  with  the  minutes. 


V. 

ELECTIOKS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting  ;  and  the  Secretary  shall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  office  so  received, 
stamped  with  the  seal  of  the  Institute,  together  with  a  copy  of  this  rule,  and  the 
names  of  the  persons  ineligible  for  election  to  each  office.  And  each  member  or 
associate,  qualified  to  vote,  may  vote,  either  by  striking  from  or  adding  to  the  names 
of  the  said  list,  leaving  names  not  exceeding  in  number  the  officers  to  be  elected,  or 
by  preparing  a  new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and 
either  mailing  it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting  : 
Provided,  that  no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall 
be  allowed  to  vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be 
received  and  examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by 
the  presiding  officer;  and  the  persons  who  shall  have  received  the  greatest  number 
of  votes  for  the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so 
report  to  the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the 
elected  officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 


VI. 

MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished' by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  l)e  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select.  Special  meetings  may  be  called  whenever  the  Council  sees  fit ;  and  the  Sec- 
retary shall  call  a  special  meeting  on  a  requisition  signed  by  fifteen  or  more  mem- 
bers. The  notices  for  special  meetings  shall  state  the  business  to  be  transacted,  and 
no  other  shall  be  entertained. 

Every  question  whicii  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  tlie  votes  of  the  majority  of 
the  members  then  [)rescnt.  The  place  of  meeting  shall  be  fixed  in  advance  by  tlie 
Institute,  or,  in  default  of  such  determination,  by  tlie  Council,  and  notice  of  all 
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meetings  shall  be  given  by  mail,  or  otherwise,  to  all  members  and  associates,  at  least 
twenty  days  in  advance.  Any  member  or  associate  may  introduce  a  stranger  to  any 
meeting  ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the  consent 
of  the  meeting. 

VIT. 

P  A  P  E  E  S. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to  the 
Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  the  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  the  presiding  officer  shall  think  proper  ;  and  the  election  of  members 
or  other  business"  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  is  not,  a.s  a  body,  responsible  for  the  statements  of  fVict  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions ^should  not  include  matters  relating  to  politics  or  purely  to  trade. 


VIII. 

AMENDMENTS. 

These  Eules  may  be  amended  at  any  annual  meeting  by  a  two-thirds'  vote  of  the 
members  present,  provided  that  written  notice  of  the  proposed  amendment  shall 
Jiave  been  given  at  a  previous  meeting. 
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OF  THE 


VIRGINIA  MEETING, 

MAY,  1881. 


VOL.  X.— 1 


COMMITTEE   OF   AERANGEMENTS. 

General  Comynitte.e.—,^ .  F.  Lewis,  Quinnimont,  W.  Va. 

Committee  of  Receptioti  at  Stmc7iton.—M.iiiov  Jed.  Hotclikiss,  Chairman  ;  W.  A. 
Burke,  M.  E.  Miller,  K.  N.  Catlett,  W.  J.  Nelson,  J.  T.  Effins^er,  D.  A.  Kayser. 

Local  Committee  of  Arrangements.— Or.  T.  Wickes,  Low  Moor,  Chairman; 
G.  W.  Bramwell,  Stone  Clifl",  Secretary;  J.  E.  Johnson,  Longdale ;  H.  Firm- 
stone,  Longdale;  S.  F.  Morris,  Quinnimont ;  C.  A.  Randall,  Ferrol ;  William 
N.  Page,  Ansted  ;  F.  Lyman,  Low  Moor  ;  S.  M.  Buck,  Cualburgh ;  E.  S.  Hutch- 
.  inson,  Cannelton  ;   M.  F.  Maury,  Saltpetre  Cave, 

The  opening  session  of  the  Institute  was  held  at  Staunton,  on 
Monday  evening,  May  30th,  in  the  Opera  House.  Major  Jed. 
Hotehkiss,  Chairman  of  the  Committee  of  Reception,  called  the  meet- 
ing to  order  and  introduced  Mayor  Balthis,  who  spoke  a  few  words 
of  welcome  to  the  members  present,  and  then  introduced  the  Hon. 
A.  H.  H.  Stuart. 

Mr.  Stuart  in  addressing  a  formal  welcome  to  the  Institute  to  the 
"  little  city  of  the  mountains,"  spoke  of  the  value  of  the  services  of 
the  mining  engineer  in  developing  the  mineral  wealth  of  Virginia 
and  in  solving  the  problems  of  her  geological  history. 

Mr.  Metcalf,  President  of  the  Institute,  replied  on  behalf  of  the 
Institute  to  the  cordial  welcome  of  the  mayor  and  Mr..  Stuart,  and 
then  read  an  inaugural  address  on  Force. 

At  the  conclusion  of  the  President's  address  the  following  paper9 
were  read  : 

The  Electrolytic  Determination  of  Copper  and  the  Formation  and 
Composition  of  so-called  Allotropic  Copper,  by  J.  B.  Mackin- 
tosh, Hoboken,  N.  J.     Read  by  Professor  Egleston. 

The  New  Unpublished  Map  of  Chester  County,  Pa.,  by  Professor 
Persifor  Frazer,  Philadelphia. 

The  second  session  was  held  at  the  Opera  House  on  Tuesday 
morning.     The  papers  read  at  this  session  were  : 

Investigations  on  the  Ore  Knob  Copper  Process,  by  Professor 
Thomas  Egleston,  School  of  Mines,  New  York  city. 

A  Volumetric  Estimation  of  Manganese  in  Pig  Iron  and  Steel, 
by  F.  H.  Williams,  Vulcan  Steel  Works,  St.  Louis,  Mo.  Read  by 
the  Secretary. 
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Manganese  Determinations  in  Steel,  by  William  Kent,  of  Pitts- 
burgh, Pa.     Read  by  the  Secretary. 

The  discussion  of  the  subject  of  steel  rails,  begun  at  the  Philadel- 
phia meeting,  was  then  resumed.  Communications  from  Professor 
Rich.  Akerman,  of  Stockholm,  Sweden,  and  C.  P.  Sandberg,  of  Lon- 
don, were  read,  and  Dr.  R.  W.  Raymond  and  Dr.  C.  B.  Dudley  took 
part  in  the  discussion. 

The  third  session  was  held  in  the  rooms  of  the  Young  Men's 
Christian  Association  on  Tuesday  afternoon.  The  papers  read 
were : 

Black-band  Iron  Ore  in  West  Virginia,  by  S.  P.  Sharpies,  Boston. 

The  Rich  Hill  Iron  Ores  and  the  Falling  Cliff  Zinc  Mine,  by  F. 
P.  Dewey,  Chattanooga,  Tenn. 

Gerstenhofer's  Ammonia-Soda  Process,  by  O.  J.  Heinrich,  Drifton, 
Pa. 

Notes  on  the  Hard  Splint  Coal  of  the  Kanawha  Valley,  by  Stuart 
M.  Buck,  Coalburgh,  W.  Va. 

The  fourth  session  was  held  on  Thursday  evening  in  the  Masonic 
Hall. 

Professor  Frazer  read  a  paper  on  Some  Ores  of  the  Middle  James 
River,  after  which  Major  Hotchkiss  gave  a  description  of  the  topo- 
graphical features  of  the  Shenandoah  Valley,  with  especial  reference 
to  the  trip  to  Luray  on  the  following  day. 

A  brilliant  reception  tendered  by  the  citizens  and  ladies  of  Staun- 
ton, to  the  visiting  members  and  their  ladies,  took  place  after  the 
session  on  Tuesday  evening,  at  the  Deaf,  Dumb,  and  Blind  Insti- 
tution, the  halls  of  which  were  tastefull}-  decorated  with  flags  and 
mottoes,  and  the  extensive  grounds  brilliantly  illuminated.  Music 
by  the  Stonewall  Jackson  Band  enlivened  the  occasion,  which  con- 
cluded with  supper,  prepared  under  the  supervision  of  the  ladies  of 
Staunton. 

The  fifth  and  concluding  session  M'as  held  in  the  ballroom  of  the 
hotel  at  the  White  Sulphur  Springs,  West  Virginia,  on  Thursday 
evening,  June  2d. 

Owing  to  the  fatigue  of  the  members  from  the  excursion  of  the 
day,  and  the  lateness  of  the  hour,  the  remaining  papers  on  the  list 
were  read  by  title  : 

The  Hydrometallurgy  of  Copper  and  its  Separation  from  the 
Precious  Metals,  by  Dr.  T.  Sterry  Hunt,  Montreal,  Canada. 

The  Foreign  Substances  in  Iron  and  their  Combinations,  by  F. 
L.  Kleinschmidt,  St.  Louis,  Mo. 
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Notes  on  Gold  Mill  Construction,  by  A.  J.  Bowie,  Jr.,  San  Fran- 
cisco, Cal. 

Index  to  American  Engineering  Articles  and  Papers,  for  1880,  by 
Professor  H.  S.  Mnnroe,  New  York  city. 

The  New  Westmoreland  Shaft,  by  W.  P.  Little  and  T.  B.  Stearns, 
New  York  city. 

Filtering  in  Industrial  Operations,  by  P.  Barnes,  Springfield,  III. 

On  the  Solution  of  Pig  Iron  and  Steel  for  the  Determination  of 
Phosphorus,  by  N.  H.  Muhlenberg  and  T.  M.  Drown,  Easton,  Pa. 

Blast  Furnace  Hearths  and  Linings,  by  John  Birkinbine,  Phila- 
delphia. 

An  Improved  Mining  Lamp,  by  Professor  P.  Frazer,  Philadel- 
phia. 

An  Analysis  of  the  Casualties  in  the  Anthracite  Coal  Mines  from 
1871  to  1880,  by  Dr.  H.  M.  Chance,  Philadelphia. 

The  following  persons,  duly  proposed  and  recommended  by  the 
Council,  were  unanimously  elected  members  and  associates  of  the 
Institute. 


MEMBERS. 


H.  G.  Black  well, 
"William  M.  Bowron, , 
Robert  Briggs,    . 
George  M.  Brinkerhoff, 
Charles  Brock,    . 
George  Brooke,   . 
Edward  L.  Brown, 
J.  Stuart  Bro\yn, 
William  H.  Brown,     . 
A.  J.  Chark'tori, 
Verplanck  Colvin, 
Ralph  Crooker,  3d, 
George  B.  Cummings, 
William  J.  Donald.son, 
Alfred  Earnshaw, 
William  H.  Hackett, 
Maurice  Heah',    . 
Edward  K.  Howe, 
William  Irving, 
Walter  N.  Johnson, 
William  Jolliffe, 
John  Kean,  Jr.,  . 
Frank  King, 
¥.  L.  Kleinschmidt, 
J.  King  McLanalum,. 


Rocky  Mount,  Va. 

Shenandoah  Iron  Works,  Va. 

Philadelphia,  Pa. 

Springfield,  111. 

Manhattanville,  New  York  Citj'. 

Birdsboro',  Pa. 

New  York  City. 

Pittsburgh,  Pa. 

Philadelphia. 

Marmora,  Canada. 

Albany,  N.  Y. 

South  Pueblo,  Colo. 

Marquette,  Mich. 

Philadelphia,  Pa. 

Philadelphia,  Pa. 

Cartersville,  Ga. 

Dunbar,  Pa. 

Leadville,  Colo. 

Chicago,  111. 

Buchanan,  Va. 

Buchanan,  Va. 

Elizabeth,  J^.  J. 

Van  Buren  Furnace,  Va. 

St.  Louis,  Mo. 
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K.  L.  Martin,      . 
S.  Price  Maury,  . 
Jobn  W.  Maxwell, 
Horace  B.  Miller, 

E.  D.  Peters,  Jr., 

F.  Prince,    . 

J.  AVesley  Pullman, 
James  Eeed, 
John  W.  Smith,. 
W.  Dwight  Smith, 
N.  Allen  Stockton, 
Alexander  Strausz, 
H.  A.  Strode, 
Myron  H.  Strong, 
Percyvale  Taylor, 
William  Thomlinson, 
Lin  wood  O.  Towne, 
William  H.  Wiley, 
H.  L.  Wells, 
Charles  P.  Wurts, 


Fairchance,  Pa. 
Richmond,  Va. 
Syracuse,  N.  Y. 
New  York  City. 
Copperas  Hill,  Vt. 
Audenried,  Pa. 
Philadelphia,  Pa. 
Altoona,  Pa. 
Syracuse,  N.  Y. 
Trenton,  N.  J. 
Riverville,  Va. 
Raccoon,  W.  Va. 
Amherst  Court-house,  Va. 
Yonkers,  N.  Y. 
Bristol,  England. 
South  Pittsburg,  Tenn. 
Newtonville,  Mass. 
New  York  City. 
South  Pueblo,  Colo. 
New  Haven,  Conn. 


ASSOCIATES. 


George  Auchy,  . 
Philip  E.  Chazal, 
Thomas  P.  Conant, 
Thomas  Dunlap, 
E.^Burd  Grubb,  . 
Charles  C.  Hewitt, 
Cooper  Hewitt,  . 
Willard  P.  Little, 
Joseph  S.  Ludlam, 
N.  H.  Muhlenberg, 
E.  A.  Oothout,  . 
Clarence  Q.  Payne, 
Ferdinand  Sands, 
William  A.  Shumway 
Thomas  B.  Stearns, 
Donald  B.  Toucey, 
Howard  A.  Van  Tassel 
W.  George  Waring 
Ethelbert  Watts, 


Pottstown,  Pa. 
Atlanta,  Ga. 
Copper  Falls,  Mich. 
Amherst  Court-house,  Va. 
Beverly,  N.  J. 
Trenton,  N.  J. 
New  York  City. 
New  York  City. 
Lowell,  Mass. 
Reading,  Pa. 
New  York  City. 
Stamford,  Conn. 
New  York  City. 
New  York  City. 
Brooklyn,  N.  Y. 
New  York  Cit}'. 
Houghton,  Mich. 
Denver,  Colo. 
Verla,  Pa. 


The  status  of  Mr.  John  Markle,  of  Jeddo,  Pa.,  was  changed 
from  associate  to  member. 

Professor  Persifor  Frazer  made  a  statement  with  regard  to  a  col- 
lection of  specimens  connected  with  the  JSTew  York  obelisk,  which 
had  been  presented  to  the  Institute  by  Lieutenant-Commander  Gor- 
ringe,  and  offered  the  following  resolution,  which  was  unanimously 
adopted : 
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Resolved,  That  the  Institute  offers  its  sincere  thanks  to  LieiUenant-Commander 
Henr}'  H.  Gorringe,  United  States  Navy,  for  the  gift  to  the  Institute  of  the  very 
interesting  series  of  objects  connected  with  the  obelisk  recently  placed  by  him  in 
the  Central  Park,  New  York  City,  and  that  the  Secretary  be  instructed  to  con- 
vey to  Lieutenant-Commander  Gorringe  the  assurance  that  this  gift  is  highly 
appreciated,  and  that  the  objects  will  be  watchfully  cared  for. 

A  resolution  was  then  offered  expressing  tlie  thanks  of  the  mem- 
bers for  the  courtesies  and  hospitality  received  from  the  Shenandoah 
Valley,  the  Chesapeake  and  Ohio,  and  the  Richmond  and  Allegheny 
railroads,  to  the  citizens  and  ladies  of  Staunton,  the  Low  Moor  Iron 
Company,  the  Longdale  Iron  Company,  the  Ansted  Coal  Company, 
the  Pennsylvania  and  Virginia  Iron  and  Coal  Company,  and  to 
Messrs.  Lewis,  Hotchkiss,  and  ^yickes,  and  their  associates  on  the 
Committee  of  Arrangements.  The  meeting  was  then  declared  ad- 
journed. 

EXCURSIONS. 

On  Wednesday  morning,  June  1st,  a  trip  was  made  by  special 
train,  provided  by  the  Shenandoah  Valley  Railroad,  to  Luray  Cave, 
which,  by  the  courtesy  of  the  railroad  company,  was  brilliantly 
illuminated  with  thousands  of  candles.  After  a  visit  of  several 
hours  in  the  cave,  the  party  returned  to  Staunton.  On  the  way  to 
Luray  a  stop  was  made  at  the  Shenandoah  Iron  Works,  where 
iron  blooms  are  made  from  pig  iron  by  means  of  the  run-out  fire 
and  charcoal  forges. 

The  Chesapeake  and  Ohio  Railway  kindly  offered  the  Institute  a 
special  train  over  its  road  for  three  days.  On  Thursday  morning  the 
party  leaving  Staunton  started  westward  on  its  tour  of  inspection. 
The  Grace  Furnace  of  the  Pennsylvania  and  Virginia  Coal  and  Iron 
Company,  at  Ferrol,  was  first  visited.  The  next  stop  was  at  the 
junction  of  the  narrow  gauge  road  of  the  Longdale  Iron  Company 
(Messrs.  Firmstone,  Pardee  &  Co.),  on  which  the  party  was  carried 
seven  miles  to  the  furnaces,  where  the  ladies  alighted  to  enjoy  the 
hospitality  of  Mrs.  J.  E.  Johnson,  and  thence  four  and  a  half  miles 
to  the  ore  banks,  under  the  guidance  of  Messrs.  H.  Firmstone  and 
J.  E.  Johnson.  On  returning,  a  siiort  time  was  allowed  for  inspec- 
tion of  the  furnaces  and  machinery.  The  works  and  mines  of  the 
Low  Moor  Iron  Company,  Mr.  George  T.  Wickes,  Manager,  were 
next  visited,  and  tlie  party  was  here  charmingly  entertained  at  din- 
ner by  Mr.  and  Mrs.  Wickes.  Early  in  the  evening  the  train  reached 
White  Sulphur  Springs,  where  the  large  hotel  was  opened  for  the 
reception  of  the  members  of  the  Institute,  in  advance  of  the  regular 
season,  by  Colonel  George  L.  Peyton. 
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An  early  start  was  made  on  Friday  morning  for  a  visit  through  the 
the  picturesque  canon  of  the  New  River  to  the  coal  fields  at  Hawk's 
Nest,  and  tlience  to  Coalburgh,  on  the  Kanawha.  Stops  were  made 
at  Quinnimont,  where  the  Pennsylvania  and  Virginia  Coal  and  Iron 
Company  has  a  coke  furnace,  under  the  management  of  Mr.  J.  F. 
Lewis,  and  at  the  coal  mines  and  coking  ovens  at  Stone  Cliff,  Fire 
Creek,  Sewall,  Xuttallburgh.  At  Hawk's  Nest  the  party  were  taken 
in  coal  cars  on  a  narrow  gauge  road  to  the  coal  mines,  a  distance  of 
four  miles,  up  a  picturesque  gorge.  Lunch  was  here  served  in  a 
grove,  which  added  an  additional  pleasure  to  the  charming  incidents 
of  the  day.  The  lateness  of  the  hour  did  not  allow  of  the  inspection 
of  Mr.  S.  M.  Buck's  work  at  Coalburgh,  and  the  train  after  reaching 
this  point  returned  to  AVhite  Sulphur  Springs. 

On  Saturday  a  trip  was  made  to  the  Natural  Bridge.  The  journey 
was  over  the  Chesapeake  and  Ohio  Railway  to  Williamson's,  and 
thence  over  the  new  Richmond  and  Allegheny  Railroad  to  a  station 
a  few  miles  distant  from  tiie  bridge,  where  carriages  were  in  waiting. 
After  an  hour  or  two  had  been  devoted  to  inspecting  the  bridge, 
and  the  party  had  dined  as  guests  of  the  railroad  company.  Colonel 
H.  C.  Parsons,  by  request,  gave  an  account  of  the  construction  of  the 
R.  &  A.  R.  R.,  the  country  it  was  intended  to  develop,  and  the  connec- 
tions which  would  ultimately  be  effected.  Vice-President  Frazer 
responded  on  behalf  of  tiie  Institute  and  expressed  the  thanks  of  the 
members  present  for  the  kind  reception  and  generous  hospitality  that 
had  been  extended  to  them.  A  delightful  series  of  excursions  was 
thus  concluded  and  the  party  broke  up,  some  going  East  and  others 
returning  to  White  Sulphur  Springs  to  spend  Sunday. 
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THE  HYBFOMETALLUBGY  OF  COPPER,  AND  ITS  SEP  ABA- 
TION  FROM  THE  PRECIOVS  METALS. 

BY  T.    STERRY  HUNT,   LL.D.,  F.R.S.,   MONTREAL,   CANADA. 

Wet  processes  for  the  extraction  of  copper  from  its  ores  have  of 
late  attracted  much  attention,  especially  in  Europe,  where  the  use 
of  cupriferous  iron-pyrites  as  a  source  of  sulphur  prevails.  These 
processes  present  an  additional  interest,  when,  as  is  often  the  case, 
the  copper-ores  to  be  treated  contain  one  or  both  of  the  precious 
metals,  since  the  complete  separation  of  these  from  copper,  either  in 
the  dry  or  the  moist  way,  is,  as  is  well  known,  one  of  the  difficult 
problems  of  metallurgy.  The  principal  wet  processes  hitherto  in 
use  for  the  extraction  of  copper  from  its  ores  may  be  included  under 
three  classes : 

I.  Those  in  which  the  copper  in  sulphuretted  ores  is  rendered 
soluble  in  water  by  calcining  them,  after  a  preliminary  roasting 
which  removes  the  greater  part  of  their  sulphur,  with  a  portion  of 
common  salt,  by  which  the  copper  is  converted  into  a  chloride  (Long- 
maid  and  Henderson),  or  with  sulphate  of  soda,  by  which  sulphate 
of  copper  is  formed  (Monnier).  Allied  to  these  is  the  method  by 
which  a  portion  of  the  copper  is  got  as  soluble  sulphate  by  roasting 
without  addition,  a  process  which  is  sometimes  modified  and  rendered 
more  complete  by  re-roasting  the  lixiviated  residues  with  the  addition 
of  a  portion  of  raw  sulphuretted  ore  (Bankart). 

II.  Those  methods  in  which  free  chlorhydric  or  sulphuric  acid  is 
used  to  dissolve  the  copper  from  oxidized  or  roasted  ores.  These, 
while  simple  and  efficient,  are  too  costly,  except  in  certain  localities 
where  chlorhydric  acid  is  a  waste  product.  Related  to  them  is  the 
plan  which  consists  in  exposing  the  oxidized  and  moistened  ores  to 
the  slow  action  of  sulphurous  acid  mixed  with  air,  by  which  a 
soluble  sulphate  of  copi)er  is  formed.  It  has  been  proposed  to  de- 
compose the  solutions  of  sulphate  or  chloride  of  copper  by  sulpliu- 
retted  hydrogen,  thus  separating  the  copper  as  sulphide,  and  using 
the  liberated  acid  to  dissolve  fresh  portions  of  oxidized  copper.  It 
is,  however,  the  almost  universal  practice  to  throw  down  the  copper 
from  its  solutions,  iiowever  obtained,  in  the  metallic  state  by  the  use 
of  iron,  cither  scrap-iron  or  iron-sponge;  although  in  some  instances 
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milk  of  lime  has  been  used  as  a  precipitant,  by  which  oxide  of  copper 
is  produced. 

III.  The  method  in  which  a  hot  solution  of  ferrous  chloride,  with 
common  salt,  is  used  to  chloridize  the  oxidized  copper  and  convert 
it  into  a  mixture  of  cupric  and  cuprous  chlorides,  which  latter,  though 
nearly  insoluble  in  water,  is  dissolved  by  help  of  the  chloride  of 
sodium.  From  this  solution  the  copper  is  precipitated  by  metallic 
iron,  thereby  reproducing  the  ferrous  chloride,  and  regenerating  the 
solvent,  an  advantage  which  this  process  possesses  over  any  other 
that  gives  the  copper  in  the  metallic  form.  This,  which  is  known 
as  the  Hunt  and  Douglas  method,  may,  in  many  cases,  be  used  with 
advantage  for  the  treatment  of  low-grade  copper  ores,  and,  as  the 
neutral  solvent  does  not  dissolve  either  arsenic  or  antimony,  enables 
fine  copper  to  be  got  directly  from  ores  holding  these  impurities.* 

When,  however,  it  is  a])plied  to  the  treatment  of  copper-ores  con- 
taining silver,  the  use  of  the  bath  of  ferrous  chloride  and  chloride  of 
sodium  has,  in  common  with  the  method  of  roasting  with  salt,  the 
disadvantage  that  it  converts  the  silver  into  a  chloride  which  is 
soluble  in  a  strong  solution  of  chloride  of  sodium  and  is  then  with 
difficulty  separated  from  the  chlorides  of  copper.  The  separation  of 
silver  and  copper,  when  dissolved  together  in  the  state  of  chlorides, 
has  greatly  exercised  the  ingenuity  of  metallurgical  chemists  from 
its  importance  in  connection  with  the  treatment  of  Spanish  and 
Portuguese  pyrites,  now  so  extensively  used  in  Great  Britain  as  a 
source  of  sulphur,  where  the  consumption  in  1877  amounted  to 
600,000  tons.  These  ores  contain  on  an  average  about  forty-nine 
per  cent,  of  sulphur  and  two  or  three  per  cent,  of  copper,  with  a 
little  silver,  equal,  according  to  Claudet,  to  from  twenty  to  twenty- 
eight  grams  to  the  ton  of  ore,  and  traces  of  gold.  The  residues 
after  calcination  still  retain  three  or  four  per  cent,  of  sulphur  and 
about  four  per  cent,  of  copper,  with  sixty  per  cent,  or  more  of  iron, 
chiefly  as  peroxide.  This  material,  after  having  been  again  calcined 
for  some  hours  at  a  low  heat  in  a  reverberatory  with  about  fifteen  per 
cent,  of  common  salt  (or,  as  at  Oker  in  Germany,  with  crude  chloride 
of  potassium),  gives  up  to  water  acidulated  with  "a  little  chlorhydric 

*  The  hydrous  silicate  of  copper  (clirysocoUa)  is,  like  the  carbonates  of  copper, 
completely  decompo.-ed  by  a  hut  solution  of  ferrous  chloride  with  common  salt. 
An  account  of  the  application  of  this  method  to  the  treatment  of  a  crystalline 
hydrous  silicate  of  alumina,  niagne-sia,  and  copper  (which  is  essentially  a  copper- 
chlorite,  and  has  been  described  by  the  writer  as  a  new  species  under  the  name 
of  venerite),  will  be  found  in  the  Transactions  of  the  American  Institute  of 
Mining  Engineers,  vol.  iv,  p.  328. 
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acid  its  sulphur  as  sulphate  of  soda,  and  its  copper  and  silver  as 
chlorides,  together  with  a  considerable  excess  of  common  salt,  leaving 
behind  a  nearly  pure  peroxide  of  iron  with  not  over  two  thousandths 
of  copper.  A  minute  portion  of  gold,  which  was  converted  into 
aurous  chloride  during  the  roasting,  is  also  present  in  the  solution.* 
The  lixivium,  in  an  example  given  by  Claudet,  had  a  specific  gravity 
of  1.24,  and  held  in  a  meter-cube,  besides  144.0  kilograms  of  sul- 
phate of  soda,  64.0  of  chloride  of  sodium,  and  52.8  of  copper,  as  pro- 
tochloride,  besides  small  portions  of  zinc  and  iron,  with  a  little  lead, 
and  44  grams  of  silver.  The  above  details  of  the  salt-roasting  pro- 
cess, which  have  often  been  published,  are  here  repeated  in  order  to 
bring  more  clearly  before  us  the  problem  of  separating  the  silver 
from  the  copper. 

Various  plans  have  been  suggested  for  extracting  from  such  solu- 
tions as  the  above  the  dissolved  silver  before  throwing  down  the 
copper  by  metallic  iron.  It  has  been  proposed  to  preci[)itate  the 
silver  by  finely-divided  metallic  co}>per,  as  is  done  in  the  Augustin 
process  from  solutions  of  chloride  of  sodium  holding  only  dissolved 
silver-chloride;  but,  since  metallic  copper  at  once  converts  proto- 
chloride  intodichloride  of  copper,  it  becomes  necessary,  as  a  prelimi- 
nary to  the  precipitation  of  the  silver  by  this  means,  that  the  whole 
of  the  copper  in  the  solution  should  first  be  brought  into  the  latter 
condition.  This  may  be  effected  by  treating  the  hot  solution  with 
sulphurous  acid,  or  by  filtering  it,  at  a  temperature  near  the  boiling- 
point,  through  a  layer  of  coarsely-ground  copper  matte,  or  of  vitreous 
or  purple  copper  ore,  from  which,  as  I  have  found,  a  second  equiva- 
lent of  copper  is  taken  up.  From  solutions  holding  the  whole  of 
the  copper  as  dichhn-ide,  the  silver  may  be  readily  thrown  down  in 
the  metallic  state  by  filtering  them  through  a  layer  of  finely-divided 
metallic  copper;  but,  inasmuch  as  the  diehloride  requires  to  hold  it 
in  solution,  a  great  volume  of  hot  concentrated  brine,t  this  method 


*  Piiittner,  as  is  well  known, showed  ihatgold,  liUe  silver,  is  ehloridized  when 
pyritous  ores  containing  it  ure  roasted  at  a  low  red  h(>at  with  eoiniiKin  salt; 
an  aurous  chloride  being  apparently  found,  whieh,  in  the  presence  of  eliloride  of 
sodium,  has  a  considerable  degree  of  stability,  though  it  is  decomposed  at  higher 
temperatures.  This  chloride  of  gold  is  insoluble  in  water,  and,  unliUc  t'hloride  of 
silver,  is  not  decomposed  by  mercury.  It  is  butslightly  soluble  in  brine,  though 
readily  dissolved  by  a  soluticm  of  hyposu]|thite  of  soda  or  lime.  A  process  pro- 
])Osed  b}'  Kiss  for  the  simultaneous  extraction  of  silver  and  gold  frcuA  pyriious 
ores  is  based  on  these  reactions. 

f  100  cc.  of  asoluliim  holding  1.').0  grams  of  chloride  of  .«odium,  dissolv(>  at  90° 
ClOOgrams;  at  4li^-,  (I  0  gniMis  ;  and  at  14°,  3  r>  grams  of  cuprous  clilorido  ;  whilo 
100  cc.  of  a  solution  holding  .O.O  grams  of  chloride  of  sodium,  dissolve  at  90" 
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of  separating  silver  from  solutions  containing  a  considerable  amount 
of  copper  is  not  in  all  cases  practicable. 

Among  the  plans  which  have  been  proposed  for  the  separation  of 
the  silver  from  these  saline  solutions  are  those  based  on  fractional 
precipitation.  This  is  effected,  as  at  Oker,  by  the  use  of  sulphide 
of  sodium;  or  better,  by  diluted  sulphuretted  hydrogen  gas,  as 
got  by  the  action  of  air  mixed  with  carbonic  acid  on  the  waste  cal- 
cium-sulphide from  Leblanc's  soda-process.  In  the  latter  case,  the 
whole  of  the  silver  is,  according  to  Gibbs,  carried  down  with 
the  first  six  per  cent,  of  the  copper.  Snelus  blows  finely-divided 
metallic  iron  into  the  solution,  and  finds  the  first  twenty  per  cent, 
of  copper  thus  precipitated  holds  four-fifths  of  the  silver.  For  the 
extraction  of  the  silver  from  the  mixed  sulphides  it  suffices  to  con- 
vert the  silver  into  a  sulphate,  as  in  the  Ziervogel  process.  For  the 
separation  of  silver  from  precipitated  copper,  J.  A.  Phillips,  by  a 
process  patented  in  1877,  makes  the  material  into  a  paste  with  water 
and  a  mixture  of  common  salt  and  carbonate  of  soda ;  and,  after 
calcination  in  a  reverberatory,  gets  the  silver  in  the  form  of  chloride, 
which  is  dissolved  out  by  brine  from  the  oxidized  copper. 

The  solvent  power  of  solutions  of  chloride  of  sodium  for  chloride 
of  silver  is  diminished  by  dilution,  and  upon  this  fact,  apparently,  is 
based  a  process  for  the  separation  of  silver,  patented  in  1877  in  Great 
Britain  by  Jardine  &  Chadwick,  which  consists  in  diluting  the  strong 
lixivium  from  the  salt-roasted  ore  to  about  specific  gravity  1.10 — 
1.12,  and  adding  thereto,  in  the  form  of  a  dilute  solution,  about 
half  a  pound  of  acetate  of  lead  to  the  ton  of  liquid.  The  precipi- 
tate, which  after  a  time  separates,  consisting,  in  large  part,  of  sulphate 
of  lead,  carries  with  it  a  portion  of  chloride  of  silver,  and,  it  is  said, 
a  trace  of  gold. 

The  most  elegant  method  for  the  separation  of  silver  from  these 
mixed  solutions  is,  however,  that  patented  by  Claudet,  and  exten- 
sively applied  in  Great  Britain.  It  depends  on  the  almost  complete 
insolubility  of  iodide  of  silver  in  solutions  of  chloride  of  sodium,  and 
consists  in  adding  to  the  lixivium,  in  which  the  proportion  of  dis- 
solved silver  has  previously  been  determined,  a  dilute  solution  of  a 

2.6  grams,  and  at  40°,  1  4  grams  of  cuprous  chloride.  This  substance,  contrary  to 
the  received  statements,  is  not  quite  insoluble  in  water  When  the  cuprous 
chloride  is  boiled  with  distilled  water  an  amount  equal  to  about  1.35  grams  to  a 
liter  passes  into  solution,  and  is  in  part  thrown  down  on  cooling  in  a  white  crys- 
talline form;  the  solution,  at  14°  C,  still  retaining  about  0.90  grams  to  the 
liter.     The  above  numbers  are  only  approximations. 
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soluble  iodide  just  sufficient  in  amount  to  convert  the  whole  of  the 
silver  into  iodide  of  silver.  The  precipitate,  which  separates  after 
forty-eight  hours  of  repose,  is  washed  with  dilute  chlorhydric  acid 
to  remove  adherent  copper-salts,  and  then  consists  chiefly  of  a 
mixture  of  sulphate  of  lead  with  iodide  of  silver,  which  is  reduced 
by  metallic  zinc,  the  iodine  being  thus  recovered  for  further  use. 
Treated  in  this  manner,  the  calcined  Spanish  ores  yield  for  each  ton 
20  grams  of  silver  containing  1.3  per  cent,  of  gold,  amounting,  ac- 
cording to  Lunge,  to  about  two-thirds  the  entire  amount  of  precious 
metals  contained  in  the  ore.  The  presence  of  dichloride  of  copper 
in  the  solution  interferes,  by  the  ])roduction  of  a  cuprous  iodide,  with 
the  separation  of  the  silver  as  iodide ;  and  hence  the  calcination  of 
the  ores  with  salt  must  be  so  conducted  as  to  give  the  copper  in  the 
condition  of  protochloride.* 

The  extraction  of  copper  from  its  ores  by  roasting  with  salt  is 
limited  to  pyritous  ores  poor  in  copper,  which  yield,  by  their  pre- 
vious calcination,  a  large  proportion  of  peroxide  of  iron ;  the  pres- 
ence of  this  being  necessary  to  the  effectual  chloridizingof  the  copper 
in  the  furnace.  When  applied  to  richer  ores  this  method  fails  to 
render  the  whole  of  the  copper  soluble,  for  reasons  which  are  made 
apparent  by  the  investigations  of  Mr.  Thomas  Macfarlane,  described 
by  him  in  1865.  He  found  that  while  copper-ores,  such  as  chalco- 
pyrite  and  bornite,  when  calcined  with  salt,  either  alone  or  with  an 
admixture  of  pulverized  quartz,  yield  but  a  small  portion  of  their 
copper  in  the  form  of  soluble  chloride,  such  a  mixture  of  ore  and 
salt,  with  twice  its  weight  of  peroxide  of  iron,  and  a  little  pyrites  to 
furnish  additional  sulphur,  if  calcined  at  a  low  temperature,  and 
without  stirring,  gave  up  nearly  all  its  copper  to  water  as  a  soluble 
chloride.  It  was  made  evident,  from  these  and  other  experiments 
described  by  Macfarlane,  that  the  mass  of  heated  peroxide  of  iron, 
in  the  presence  of  air,  favors  the  conversion  of  the  sulphur  into  a 
sulphate,  through  which  the  decomposition  of  the  common  salt  and 
the  chloridizing  of  the  copper  is  effected. f 

These  conditions  are  most  fully  realized  when  a  material  like  the 
calcined  residue  of  Spanish  pyrites,  containing  in  100  parts  about  4 
parts  each  of  copper  and  sulphur,  and  80  parts  or  more  of  peroxide 
of  iron,  is  calcined  with  a  sufficient  amount  of  common  salt,  in  which 

*  For  an  excellent  account  of  wet  processes  for  the  extraction  of  copper,  see 
Friedr.  Bode,  in  Dingler's  Puiyteclinisches  Journal  for  January-March,  1877, 
vol.  ccxxxi,  pp.  264,  357,  428. 

f  Canadian  Naturalist,  second  series,  vol.  ii,  pp.  219-231,  and  vol.  iii,  p.  4.37. 
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case,  as  we  have  seen,  the  chloridizing  of  the  copper  is  nearly  com- 
plete. Ignorance  of  these  conditions  has  more  than  once  led  to 
failure  in  attempts  to  apply  this  process  of  copper-extraction. 

Unlike  the  method  of  chloridizing  by  roasting  with  salt,  that  de- 
pending on  the  use  of  a  solution  of  ferrous  chloride  with  salt  is  a 
general  one,  applicable  to  all  naturally  or  artificially  oxidized  copper- 
ores,  which  may  be  readily  and  cheaply  chloridized  by  its  aid.* 
When  applied  to  copper  ores  containing  silver,  however,  this  shares 
with  the  salt-roasting  process  the  disadvantage  that  the  silver  is  at 
the  same  time  chloridized,  and  if  not  present  in  too  large  an  amount, 
is  dissolved,  while  the  dichloride  of  copper,  formed  by  the  reaction 
between  the  oxide  of  copper  and  the  ferrous  chloride,  precludes  the 
use  of  Claudet's  method  of  precipitating  the  dissolved  silver  by  a 
soluble  iodide. 

There  is  a  large  class  of  copper-bearing  ores  and  furnace-products 
containing,  besides  silver,  and  in  some  cases  gold,  portions  of  anti- 
mony and  arsenic,  often  accompanied  by  lead,  the  treatment  of 
which,  either  by  the  wet  or  the  dry  way,  offers  many  difficulties.  A 
simple  and  economical  general  method,  which  will  effect  a  complete 
separation  of  copper  from  silver  and  gold  on  the  one  hand,  and  from 
arsenic,  antimony,  and  lead  on  the  other,  has  hitherto  been  a  desid- 
eratum in  metallurgy.  From  the  want  of  such  a  process  considerable 
quantities  of  refined  copper  extracted  from  Western  ores  and  mattes, 
and  carrying  from  40  to  50  ounces  of  silver  per  ton,  have  of  late  years 
been  sold  in  our  markets. 

With  my  friend,  Mr.  James  Douglas,  Jr.,  of  Phoenixville,  Pa.,  I 
have  devoted  much  time  to  the  metallurgical  problem  thus  pre- 
sented, and  as  the  result  of  our  joint  labors  have  now  to  bring  before 
the  Institute  of  Mining  Engineers  a  novel  wet  process  for  the  ex- 
traction of  copper  from  its  ores,  which  will,  I  think,  be  found  to 
meet  the  required  conditions.  The  new  method  is  based  upon  the 
reaction  described  by  Wohler  between  sulphurous  acid  and  a  solu- 
tion of  protochloride  of  copper,  which  gives  rise  to  insoluble  dichlo- 
ride with  the  elimination  of  one-half  the  chlorine  in  the  form  of 
chlorhydric  acid,  and  the  simultaneous  formation  of  sulphuric  acid, 
as  simply  expressed  in  the  old  notation  by  the  formula, 
2CuCl  +  SOj  +  HO  =  CujCl  +  HCl  +  SO3. 

The  resulting  acid  solution,  when  brought  in  contact  with  cupric 

*  A  process  of  copper-extraction,  based  on  this  principle,  is  the  subject  of 
United  States  letters-patent,  granted  to  T.  Sterry  Hunt  and  James  Douglas,  Jr., 
February  9th,  1869. 
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oxifle,  will  take  up  as  much  copper  as  it  originally  held,  which  may, 
in  its  turn,  be  thrown  down  by  sulphurous  acid.  In  this  way,  the 
solution  of  copper  from  an  oxidized  ore,  and  its  precipitation  as 
dichloride,  may  be  repeated  indefinitely,  provided  chlorine  be  sup- 
plied each  time  by  the  addition  of  a  sufficient  amount  of  some  solu- 
ble chloride. 

The  reaction  between  sulphurous  acid  and  a  solution  of  proto- 
chloride  of  copper  goes  on  slowly  at  ordinary  temperatures,  but  is 
very  rapid  betvveen  80°  and  90°  C.  Solutions  of  sulphate  of  copper 
mixed  with  an  equivalent  of  chloride  of  sodium,  and  holding  8.0  per 
cent,  of  cop{)er,  after  being  treated  at  90°  C.  with  an  excess  of  sul- 
phurous-acid gas,  retain  less  1,0  per  cent,  of  dissolved  copper;  while 
in  the  presence  of  an  excess  of  sulphate  of  copper  and  sulphurous 
acid  the  precipitation  of  the  chlorine  from  chloride  of  sodium  is 
nearly  complete;  sulphate  of  soda  and  sulphuric  acid  remaining  in 
solution  in  accordance  with  the  equation 

2CuO,S03  +  NaCl  +  S02=  Cu^Cl  +  NaO.SOj  +  2SO3 

The  sulphurous-acid  gas  for  effecting  this  reaction  on  a  large  scale 
is  readily  got  in  sufficient  purity  from  the  burning  of  iron-pyrites  in 
the  ordinary  kilns  used  by  the  makers  of  sulphuric  acid,  care  being 
taken  that  an  excess  of  air  be  avoided.  A  Knowles  pump,  constructed 
for  the  purpose,  has  proved  an  efficient  means  of  injecting  the  heated 
gas  into  the  liquid.  By  this  reaction  we  have  found  it  easy,  in 
repeated  trials  with  a  small  experimental  plant,  to  throw  down  in 
three  hours'  time  125  pounds  of  copper  from  an  eight  per  cent,  solu- 
tion, the  liquid  still  retaining  about  one  per  cent,  of  copper  dissolved. 

The  acid  liquors,  when  the  reaction  with  sulphurous  acid  is  com- 
plete, have  exchanged  their  bright  blue  color  for  a  pale  green,  and 
now  contain  in  solution  an  excess  of  sulphurous  acid,  which  must 
be  got  rid  of  before  using  them  to  dissolve  a  fresh  portion  of  copper. 
This  mfy  be  effected  by  keeping  back  a  small  portion  of  the  chlori- 
dized  copper-solution,  and  after  the  action  of  the  gas  is  complete,  as 
may  be  known  by  the  changed  color  and  the  sulphurous  odor  of  the 
liquid,  adding  the  reserved  portion  thereto,  by  which  means  the 
excess  of  sulphurous  acid  will  be  oxidized.  The  ciiief  part  of  the 
dichloride  of  copper  separates  during  the  passage  of  the  gas,  but  a 
further  portion  is  deposited  on  the  cooling  of  the  solution. 

The  excess  of  sulphurous  acid  may  also  be  got  rid  of  by  blowing 
a  current  of  hot  air  through  the  liquid  after  it  has  been  withdrawn 
from  the  precipitated  dichloride,  and  best  while  the  process  of  sat- 

VOL.   X. — 2 
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urating  it  witli  oxide  of  copper  is  going  on.  This,  when  got  by  the 
calcination  of  sulphuretted  ores,  contains  more  or  less  suboxide  of 
copper,*  which,  with  chlorhydric  acid  forms  a  portion  of  cuprous 
chloride,  and  the  separation  of  this,  under  these  circumstances,  may 
be  prevented  by  ihe  action  of  atmospheric  oxygen. 

Cuprous  chloride  is  quickly  transformed  into  cupric  oxychloride  by 
atmospheric  oxygen,  and  when  dissolved  or  suspended  in  an  acid 
liquid  is  by  this  means  readily  converted  into  a  cupric  salt,  which 
may  be  again  reduced  to  cuprous  chloride  by  the  action  of  sulphurous 
acid.  In  this  way,  like  the  nitric  oxide  in  the  leaden  chamber,  the 
cuprous  chloride  acts  as  a  medium  through  which  sulphurous  acid 
and  oxygen  are  made  to  combine  and  to  form  sulphuric  acid.  The 
two  reactions  of  oxidation  and  reduction  just  described  may  go  on 
alternately  or  simultaneously  in  the  liquid,  and  thus  it  happens  that 
when  an  excess  of  air  enters  the  pyrites-kiln,  so  that  considerable 
free  oxygen  passes  with  the  sulphurous  acid  into  the  copper-solution, 
the  dichloride  is  either  separated  slowly  or  not  at  all,  while  at  the 
same  time  much  sulphuric  acid  is  formed.  By  taking  advantage  of 
these  reactions  between  oxygen,  sulphurous  acid,  and  chloride  of  cop- 
per, we  may  at  will  increase  the  solvent  power  of  our  acid  bath. 

In  applying  this  new  process  of  copper-extraction  to  a  roasted 
sulphuretted  ore  or  matte,  which  we  will  suppose  to  contain  a  por- 
tion of  silver,  we  begin  by  dissolving  therefrom  by  water  the  sul- 
phate, which,  with  proper  care  in  roasting,  should  contain  not  less 
than  one-third  of  the  copper  of  the  ore;  taking  care  to  add  to  the 
water  enough  of  some  soluble  chloride  to  chloridize  and  render 
insoluble  any  sulphate  of  silver  which  may  be  present.  From  the 
clear  lixivium  thus  obtained,  after  adding  the  requisite  amount  of 
chloride  of  sodium,  the  copper  is  precipitated,  as  already  described, 
by  the  action  of  sulphurous-acid  gas.  The  resulting  acid  liquid, 
freed  from  the  excess  of  sulphurous  acid  by  the  addition  of  a  re- 
served portion  of  the  original  solution  containing  copper  chloride, 
and  still  retaining  more  or  less  copper,  is  now  used  to  dissolve  the 
oxide  of  copper  from  a  portion  of  the  lixiviated  ore ;  the  process  being 
aided  by  heat,  and,  if  the  formation  of  dichloride  of  copper  is  to  be 
feared,  by  the  injection  of  a  current  of  air,  which  may  be  made  the 
means  of  heating  and  agitating  the  mixture.     If  the  ore  contains 

*  I  have  found  calcined  sulphuretted  copper-ores  to  contain,  in  addition  to 
soluble  cupric  sulphate,  and  insoluble  oxides  of  copper,  a  small  portion  of  a 
cuprous  compound,  which,  though  insoluble  in  water,  is  dissolved  by  a  hot  and 
strong  solution  of  common  salt,  and  is  probably  a  cuprous  sulphate  or  sulphite. 


THE    HYDROMETALLURGY   OF    COPPER.  19 

silver,  either  in  the  form  of  metal  or  unoxidized  snli)hi(le,  we  have  in 
the  chloride  of  copper  which  is  formed  the  best  agent  for  bringing  it 
to  the  condition  of  chloride  of  silver.  This  will  be  found  in  the  resi- 
due after  the  extraction  of  the  copper,  together  with  any  gold  which 
may  be  present,  lead  as  sulphate,  oxides  of  antimony  and  iron,  and 
earthy  matters.  Cobalt,  nickel,  and  zinc,  if  present  will,  however, 
be  dissolved,  and  not  being  precipitated  by  sulphurous  acid,  will,  by 
successive  operations,  accumulate  in  the  solution,  and  may  afterwards 
be  extracted.*  From  the  residues  thus  deprived  of  copper  we  have 
found  the  silver  to  be  readily  dissolved  by  brine,f  after  which,  if  gold 
be  present,  it  may  be  removed  by  chlorination,  or  the  two  precious 
metals  may  be  extracted  together  from  the  residues  by  amalgamation. 
When,  as  in  the  case  of  certain  mattes  from  Utah,  for  example,  the 
residues  contain  a  large  amount  of  lead  as  sulphate,  this  may  be 
recovered  by  smelting,  and  a  base  bullion  got  containing  the  precious 
metals.  The  same  result  may  also  be  attained  by  smelting  the  res- 
idues with  an  admixture  of  a  lead -ore. 

Chloride  of  silver  is  soluble  to  some  extent  in  solution  of  cupric 
chloride,  and  is  then  in  part  carried  down  with  the  cuprous  chloride 
in  the  precipitation  of  the  latter.  The  formation  of  cupric  chloride 
may  be  avoided  by  adding  to  the  solution  of  sulphate  of  copper 
little  more  than  the  amount  of  chloride  of  sodium  necessary  for  the 
conversion  of  the  copper  into  dichloride.  In  this  case,  as  we  have 
seen,  the  acid  liquid  after  precipitation  by  sulphurous  acid  will  con- 
tain chiefly  sulphuric  acid,  though  still  holding  sufficient  cupric 
chloride  to  effect  the  chloridizingof  any  silver  which  maybe  present 
in  the  ore. 

The  dichloride  of  copper,  as  obtained  by  precipitation,  is  a  white 
coarsely  crystalline  powder,  having  a  specific  gravity  of  3.376  (Play- 
fair  and  Joule),  and,  as  we  have  seen  (note  on  page  14),  is  nearly 
insoluble  in  cold  water.  After  being  washed  from  the  acid  liquid,  it 
may  be  readily  reduced  by  placing  metallic  iron  in  the  moist  di- 
chloride, which  should  be  covered  with  water  to  exclude  the  air. 
The  action  spreads  rapidly  through  the  precipitate,  so  that  a  single 
mass  of  iron  will,  in  a  few  hours,  change  a  considerable  volume  of 
dichloride  around  it  into  pure  spongy  metallic  copper.  The  reduc- 
tion of  copper  from  solutions  obtained  in  those  wet  processes  wliere 


*  For  observations  on  tlio  association  of  nici<cl  and  cobalt  with  certain  cojiixt- 
ores,  sec  Appendix  1. 

f  For  notes  on  the  solubility  of  cbloride  of  silver  in  solutions  of  conunon  suit 
and  other  chlorides,  sec  Ai>pendix  II. 
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the  copper  exists  as  protochloride,  often  accompanied  by  salts  of  iron, 
entails  a  considerable  loss  of  metallic  iron,  and  gives  a  copper  which 
is  impure  from  the  presence  of  basic  iron-salts.  The  reduction  of 
the  solid  dichloride,  however,  presents  none  of  these  disadvantages. 
Forty-five  parts  of  iron  suffice  to  reduce  one  hundred  parts  of  cop- 
per ;  the  precise  ratio  being  as  28.0 :  63.4.  The  ferrous  chloride 
which  remains  in  solution  may  with  advantage  be  used  instead  of 
chloride  of  sodium  for  chloridizing  subsequent  solutions  of  sul{)hate 
of  copper,  ferrous  sulphate  being  formed  which,  as  it  accumulates, 
may  be  separated  by  crystallization  from  the  acid  liquid.  The 
ferrous  dichloride  required  to  chloridize  twenty  parts  of  copper 
would  equal  about  sixty-one  parts  of  hydrated  ferrous  sulphate. 

Another  mode  of  treating  the  dichloride,  which  may  in  some  cases 
be  resorted  to,  consists  in  decomposing  it,  best  at  a  boiling  heat,  with 
a  slight  excess  of  milk  of  lime.  The  dichloride  is  by  this  means 
converted  into  a  dense  orange-red  suboxide  of  copper  which,  after 
being  washed  from  chloride  of  calcium,  in  a  filter-press  or  otherwise, 
and  dried,  may  be  readily  reduced  to  metallic  copper  in  a  reverbera- 
tory  furnace.  For  this  reaction,  28.0  parts  of  pure  quicklime  are 
required  for  63.4  parts  of  copper,  and  the  resulting  chloride  of  cal- 
cium may  be  used  instead  of  chloride  of  sodium  or  chloride  of  iron 
for  chloridizing  solutions  of  sulphate  of  copper.  In  this  case,  there 
will  be  formed  an  insoluble  sjilphate  of  lime  or  gypsum,  while  the 
free  sulphuric  acid  of  the  solution  is  replaced  by  chlorhydric  acid. 
The  use  of  the  chloride  of  calcium  would,  however,  require  an  addi- 
tional operation,  since,  to  avoid  the  })resence  of  the  precipitated 
gypsum  either  with  the  dichloride  or  the  undissolved  residue  of  the 
copper-ore,  it  would  be  necessary  to  add  the  chloride  of  calcium  to 
the  clear  copper-solution,  and,  after  allowing  time  for  the  gypsum  to 
subside,  to  transfer  the  liquid  to  the  vats  in  which  the  copper  is  to 
be  precipitated  by  sulphurous  acid.  There  may,  however,  be  local- 
ities in  which  the  cost  both  of  metallic  iron  and  of  common  salt  is 
such  as  to  render  advantageous  the  decomposition  of  the  dichloride 
of  copper  by  lime,  provided  there  is  no  silver  to  be  extracted. 

We  have  heretofore  considered  only  the  case  in  which  the  acid 
liquor  got  by  precipitating  the  copper  from  neutral  solutions  in  the 
form  of  dichloride  is  used  to  dissolve  successive  portions  of  oxide  of 
copper  alone.  This  can  be  done  in  the  case  of  pure  ores  free  from 
other  strongly  basic  oxides,  if  without  loss,  yet  without  any  gain  of 
acid  save  what  comes  incidentally  from  the  portion  of  sulphuric 
anhydride  which  is  given  off  in  the  calcination  of  pyrites,  or  from 
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the  reaction  between  sulphurous  acid  and  ox3''gen  in  the  presence  of 
chloride  of  copper,  as  already  explained.  If,  however,  as  is  more 
often  the  case,  we  are  treating  artificially  oxidized  sulphuretted  ores 
or  mattes,  which  yield  by  roasting  a  mixture  of  oxide  and  sulphate 
of  copper,  it  wall  be  apparent  that  by  the  repeated  use  of  the  present 
process  there  must  result  a  constantly  augmenting  proportion  of  free 
acid  in  the  liquid. 

This  may  be  made  clearer  by  examples.  Let  us  suppose  a  solution 
holding  in  a  cubic  foot  (equal  1000  ounces  of  water)  63.4  ounces  or 
two  equivalents  of  copper  in  the  form  of  sulphate.  To  convert  this 
into  protochloride  would  require  two  equivalents  or  117  ounces  of 
chloride  of  sodium,  but  for  the  production  of  the  dichloride,  as  we 
have  seen,  one  equivalent,  or  a  little  more,  will  suffice,  or,  in  place 
thereof,  a  corresponding  amount  of  ferrous  or  calcic  chloride.  When, 
by  the  action  of  sulphurous  acid,  the  whole  of  the  copper  is  reduced 
to  the  cuprous  condition,  and  in  great  part  thrown  down  as  di- 
chloride, the  previously  neutral  solution  will  contain  two  equivalents 
or  98  ounces  of  sulphuric  acid*  (oil  of  vitriol),  which,  if  a  larger 
amount  of  chloride  had  been  added,  would  be  in  part  replaced  by 
chlorhydric  acid.  These  two  equivalents  of  acid  are  capable  of 
taking  up  two  equivalents,  or  79.4  ounces  of  oxide  of  coj)per,  after 
which  the  solution  will  contain,  as  at  first,  63.4  ounces  of  copper. 
If,  however,  we  add  to  this  acid  solution,  instead  of  simple  oxide  of 
copper,  a  calcined  ore  or  matte  in  which  one-third  of  the  copper  is 
present  as  soluble  sulphate  and  two-thirds  as  oxide,  it  is  clear  that 
when  the  acid  is  saturated  we  shall  have  in  the  liquid,  besides  the 
63.4  ounces  of  copper  from  the  oxide,  one-half  as  much  more,  or 
31.7  ounces  of  copper  which  were  already  present  as  sulphate  in 
the  roasted  ore ;  making  in  all  three  equivalents  or  95.1  ounces  of 
dissolved  copper,  which  are,  in  their  turn,  to  be  converted  into 
dichloride.  Now,  as  the  amount  of  acid  set  free  in  this  reaction  is 
equal  to  that  originally  combined  with  the  copper,  it  follows  that 
the  liquid  after  the  precipitation  of  the  dichloride  will  contain  three 
equivalents  of  acid,  instead  of  two  as  before.  If  to  this  we  add,  a 
second  time,  enough  of  the  mixture  of  two-thirds  oxide  and  one-third 

*  While  we  recognize  the  dyad  nnturo  of  copper,  oxygen  and  sulphur,  and 
the  biba^icity  of  sulphuric  acid,  it  is  sini[)ler  and  more  convenient  for  the  cal- 
culations of  the  manufacturing  chemist  and  tlic  metallurgist  to  use,  as  we  have 
done  in  the  present  paper,  the  older  notation,  and  to  speak  of  31.7  parts  of  cop- 
per, 8  parts  of  oxygen,  40  parts  of  sulphuric  oxide,  49  parts  of  oil  of  vitriol,  30.6 
parts  of  chlorhydric  acid,  and  58.5  parts  of  chloride  of  sodium  as  equivalents. 
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sulphate  of  copper  to  neutralize  these  three  equivalents,  we  shall 
have  four  and  a  half  equivalents  of  dissolved  copper,  from  which,  by 
a  third  repetition  of  the  process  of  precipitation  by  sulphurous  acid, 
four  and  a  half  equivalents  of  sulphuric  acid  would  be  set  free;  so 
that  in  place  of  98  ounces  we  should  have  220^  ounces  in  the  solu- 
tion ; — an  amount  which  a  fourth  repetition  of  the  process  of  satura- 
tion and  precipitation  would  raise  to  six  and  three-quarter  equiva- 
lents or  330  ounces  of  oil  of  vitriol. 

If,  instead  of  a  mixture  containing  one-third  ofits  copperas  sulphate, 
we  have  one  in  which  only  one-fourth  is  sulphate  and  three-fourths 
are  oxide,  we  should  get  by  saturating  with  this  a  solution  con- 
taining two  equivalents  of  acid,  and  subsequent  precipitation  with 
sulphurous  acid,  a  liquid  holding  2.66  equivalents  of  free  acid, 
wliich  by  a  third  repetition  of  the  process  would  yield  3.55,  and  by 
a  fourth  4.73  equivalents  of  free  acid,  in  place  of  the  2.00  equivalents 
which  were  present  after  the  first  precipitation. 

The  above  calculations  are  founded  on  the  supposition  that  the 
roasted  ore  or  matte  contains,  besides  the  oxide  of  copper,  no  base 
that  would  be  attacked  by  dilute  acids.  In  fact,  however,  oxides  of 
lead,  zinc  and,  more  rarely,  nickel  and  cobalt,  may  accompany  the 
copper-oxide,  and  give  rise,  the  first  to  an  insoluble  and  the  others 
to  soluble  sulphates,  consuming  more  or  less  acid.  Ores  containing 
more  or  less  carbonate  of  lime  (often  with  carbonate  of  magnesia) 
are  also  of  frequent  occurrence,  and  here  is  seen  a  great  advantage 
which  this  mode  of  copper-extraction  possesses  over  all  the  other 
wet  processes ;  for  since  lime  and  magnesia,  and  their  carbonates,  not 
only  neutralize  free  acids,  but  throw  down  copper  from  its  solutions, 
the  treatment,  by  these  processes,  of  ores  containing  any  considerable 
proportion  of  calcareous  matter  is  impracticable.  With  the  process 
here  proposed,  which  generates  an  abundance  of  free  acid,  the  ex- 
traction of  copper  from  ores  which  do  not  contain  an  excessive 
amount  of  calcareous  matter  presents  no  difficulty  except  such  as 
arises  from  the  mechanical  obstacle  created  by  the  formation  of 
gypsum  in  the  solutions.  The  accumulation  of  acid  in  the  bath  is 
indeed  so  rapid  in  many  cases  that  it  will  become  unnecessarily 
strong,  and  may  be  diluted  with  water;  while  that  portion  not  needed, 
after  being  deprived  of  the  last  portions  of  copper  by  the  action  of 
metallic  iron,  may  be  rejected  unless  it  retains  in  solution  other 
metals  of  value. 

It  will  be  seen  from  the  foregoing  description  that  the  new  process 
here  described  resembles  those  which,  at  the  beginning  of  this  paper, 
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we  have  placed  in  Class  II,  inasmuch  as  the  oxidized  copper  is  sepa- 
rated from  foreign  metals  by  dissolving  it  in  sulphuric  and  chlorhy- 
dric  acids;  with  the  difference,  however,  that  the  acids  for  this  pur- 
pose are  generated  in  the  process  itself,  by  the  action  of  sulphurous 
acid ;  while  the  copper  is  separated  from  its  solutions  in  the  form  of 
dichloride,  the  reduction  of  which  to  pure  copper  is  readily  effected 
by  the  consumption  of  a  minimum  amount  of  metallic  iron.  At  the 
same  time,  any  silver  or  gold  which  may  be  present  in  the  ore  is  left 
undissolved,  and  in  the  best  condition  for  subsequent  extraction  by 
well-known  methods  ;  while  the  saving  of  cobalt  and  nickel,  of  lead, 
or  of  antimony,  should  these  be  present  in  quantities  of  economic  im- 
portance, may  be  subsequently  effected  by  very  simple  processes. 

The  apparatus  for  this  new  general  method  of  copper-extraction  is 
simple  and  inexpensive.  The  chlorine  required  in  the  precipitation 
of  the  copper  being  recovered  for  further  use,  the  only  reagent  con- 
sumed, except  the  sulphurous  acid — which  is  a  waste  product 
from  the  roasting  of  sulphurous  ores — is  an  amount  of  iron  which  is 
equal  to  less  than  one-half  the  weight  of  the  copper,  and  may  be 
recovered  in  the  form  of  sulphate  of  iron, — or,  instead  thereof,  the 
same  quantity  of  caustic  lime.* 

Appendix  I. 

The  presence  of  small  portions  of  cobalt  and  nickel  in  cupri- 
ferous pyrites  is  not  uncommon,  and  mixed  earthy  oxides  of  copper, 
nickel,  and  cobalt  have  been  found  in  considerable  quantities  in  Mis- 
souri. A  greenish,  translucent,  amorphous  mineral,  with  black 
stains,  resembling  chrysocolla  in  appearance,  from  some  place  in 
Western  Nevada,  where  it  was  said  to  be  abundant,  and  to  have 
been  mined  for  the  manufacture  of  sulphate  of  copper,  was  brought 
to  me  in  1876,  and  found  to  contain  considerable  quantities  of  both 
cobalt  and  nickel.  One  of  two  closely  agreeing  analyses  by  my 
former  pupil,  Mr.  Hardman,  made  at  the  Mass.  Institute  of  Tech- 
nology, in  1877,  gave  for  this  mineral  as  follows:  Oxide  of  copper, 
9.63;  oxide  of  nickel,  3.23;  oxide  of  cobalt,  3.88;  peroxide  of  iron, 
3.08;  peroxide  of  manganese,  2.40;  lime,  1.04;  magnesia,  0.10; 
alumina,  13.01 ;  silica,  42.97 ;  water,  18.38  =  97.72.     The  cobalt 


*  United  States  letters-piitent,  No.  2'27,902,  for  this  mpthod  of  copixT-oxtrnc- 
tion  were  granted  to  Thomas  Sterry  Hunt  and  James  Douglas,  .Jr  ,  May  25th 
1880. 
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and  nickel  were  separated  by  Rose's  method.  Another  analysis,  in 
which  these  metals  were  separated  by  the  method  of  Fischer,  with 
nitrite  of  potassium,  gave  of  oxide  of  cobalt,  4.11.  Such  an  ore,  if 
abundant,  would  be  a  valuable  source  of  both  nickel  and  cobalt. 

This  aluminous  mineral,  like  chrysocolla  (anfe,  page  12)  is  attacked 
by  a  solution  of  ferrous  chloride  and  common  salt,  by  which  the  oxides 
of  cobalt  and  nickel  are  indirectly  dissolved  ;  since,  although  they 
have  not  the  power  of  decomposing  ferrous  chloride,  they  decom- 
pose the  cupric  chloride  which  is  formed  by  its  reaction  with  cupric 
oxide. 

Appendix  II. 

As  regards  the  solubility  of  chloride  of  silver  in  solutions  of  chlo- 
ride of  sodium,  Vogel  found  that  one  liter  of  a  saturated  solution,  at 
ordinary  temperatures,  held  dissolved  0.950  grams  of  chloride  of 
silver,  while  according  to  Hahn,  a  liter  at  19.6°  C.  holds  1.269 
grams.  Becquerel  found  at  ordinary  temperatures  for  a  similar 
solution  0.800  grams  to  the  liter.  100  parts  of  water,  saturated  at 
100°  C,  hold  26.61  parts,  and  at  15.6°  C,  26.34  parts  of  chloride 
of  sodium,  the  densities  of  the  solutions  being  respectively  1206.93 
and  1204.03.  Hence,  one  liter  of  a  saturated  solution  at  15.6° 
holds  316  grams  of  common  salt,  1000  parts  of  which  solution 
under  the.se  conditions  dissolve,  according  to  Hahn,  at  15.6°  C,  3.0 
parts  of  chloride  of  silver;  while,  according  to  the  observations  of 
Vogel  and  of  Becquerel,  at  "ordinary  temperatures,"  not  defined, 
1000  parts,  in  saturated  solution,  dissolve  respectively  4.0  parts  and 
2.53  parts  of  chloride  of  silver.  The  latter  figure  approximates  to 
that  given  by  Pelouze  and  Fr6my,  according  to  whom  1000  parts  of 
salt  at  18°  C.  hold  dissolved  2.40  parts  of  chloride  of  silver.  The 
solvent  power,  according  to  these  chemists,  varies  greatly  with  the 
temperature,  the  amount  dissolved  being  equal  to  1.70  parts  at  10° 
C,  and  not  less  than  6.80  at  100°  C,  while  at  0°  C.  but  traces  of 
chloride  of  silver  are  dissolved.  Differences  of  temperature  may 
suffice  to  explain  the  discrepancies  between  the  results  of  Vogel, 
Hahn,  and  Becquerel,  but  not  those  of  Pelouze  and  Fremy  at  18.0° 
C,  a  temperature  above  that  mentioned  by  Hahn.  It  is  possible 
that  these  chemists  may  not  have  employed  solutions  saturated  with 
chloride  of  sodium,  to  which  the  observations  of  the  others  refer. 
Freseuius,  speaking  of  the  solubility  of  chloride  of  silver  in  hot 
concentrated  solutions  of  the  chlorides  of  sodium,  potassium,  am- 
monium, calcium,  zinc,  etc.,  says  "On  sufficient  dilution  with  cold 
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water  the  dissolved  portion  separates  so  completely  that  the  filtrate 
is  not  colored  by  sulphuretted  hydrogen."* 

As  to  the  solubility  of  chloride  of  silver  in  some  other  chlorides, 
Hahn  found  that  a  liter  holding  30.70  per  cent,  of  ferrous  chloride, 
and  having  a  specific  gravity  of  1.419,  dissolves,  at  20°  C,  2.385 
grams  of  chloride  of  silver ;  while  a  solution,  holding  44.48  per  cent,  of 
cupric  chloride,  and  having  a  specific  gravity  of  1.5726,  dissolves  at 
30°  C,  for  1  liter,  0.836  grams  of  chloride  of  silver.  For  farther 
observations  on  the  solubility  of  chloride  of  silver  in  other  chlorides, 
see  Percy,  Metallurgy  of  Silver  and  Gold,  Part  I,  p.  58,  and  also 
Hahn,  Trcmsadions  of  the  American  Institute  of  Mining  Engineers, 
Vol.  n,  p.  99. 


INVESTIGATIONS  ON  THE  ORE  KNOB  COPPER  PROCESS. 

BY   T.    EGLESTON,    PH.D.,   NEW  YORK  CITY. 

The  works  of  the  Ore  Knob  Copper  Company  are  situated  in 
the  county  of  Ashe  in  the  northwestern  part  of  the  State  of  North 
Carolina,  about  ten  miles  from  the  Virginia  line,  at  an  elevation  of 
4600  feet  above  the  sea.  The  nearest  railroad  station  is  at  Marion, 
Smythe  County,  Virginia,  about  forty-five  miles  distant.  The 
roads  from  the  railroad  to  the  works  have  been  constructed  by  the 
company  for  the  transportation  of  their  material,  and  are  very  hilly, 
and  in  certain  seasons  of  the  year  in  bad  repair.  Transportation  is 
therefore  always  limited  and  never  easy,  although  it  is  done  by  con- 
tract at  a  very  low  price.  The  main  difficulty  with  the  transporta- 
tion is  not  so  much  its  cost  as  the  fact  that  it  puts  a  limit  to 
the  production  of  the  works.  These  unfavorable  conditions  make 
it  necessary  for  the  owners  of  the  mine  to  smelt  their  ores  and  to 
send  to  market  nothing  except  the  metal,  which  alone  will  bear 
the  cost  of  transportation. 

The  mine  was  opened  previous  to  1860,  but  has  only  been  worked 
systematically  during  the  last  five  or  six  years.  The  vein  is  a 
fissure  vein  from  ten  to  twenty  feet  in  thickness  in  the  gneiss  of  the 


*  Fresenius,  Quantitative  Analysis,  Amer.  Ed.,  1879,  p.  124. 
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Laurentian  period,  and  has  been  explored  over  a  long  distance  bj 
working  and  trial  shafts.  It  has  a  strike  of  north  about  sixty- 
degrees  east,  and  is  vertical,  cutting  across  the  strata  of  the  countrj 
rock.  One  wall  is  always  sharply  defined,  the  other  is  in  the  rock ; 
the  ore  dies  out  in  it.  Its  penetration  is  very  nearly  constant,  but 
there  is  no  seam  to  give  a  sharp  separation.  The  gossan  generally 
outcrops  at  the  surface.  When  it  does  not  it  is  covered  by  only  a 
few  feet  of  earth,  so  that  there  is  no  difficulty  in  following  it,  which 
has  been  done  for  nearly  a  mile.  It  is  generally  from  forty  to  fifty 
feet  thick  over  the  ore,  and  the  only  dead  work  which  has  to  be 
done  is  the  piercing  of  this  gossan  to  reach  the  ore.  All  the  shafts 
and  levels  are  in  the  ore  itself,  so  that  in  the  mine  no  dead  work 
has  to  be  done.  Both  the  walls  of  the  vein  are  vertical,  and  as  they 
are  very  strong,  the  ore  between  them  is  all  taken  out,  it  being  only 
necessary  to  leave  sufficient  of  it  between  the  walls  to  protect  the 
shafts.  Two  of  the  shafts  are  sunk  to  a  depth  of  three  hundred  feet, 
and  two  to  two  hundred  and  fifty  each.  Five  other  shafts  to  the 
north  have  been  sunk  at  variable  distances,  the  shallowest  of  which 
is  sixty  feet,  and  two  others  to  the  south  are  now  being  sunk  on  the 
gossan.  Only  two  of  the  shafts  are  being  used  to  raise  ore  at  the 
present  time.  The  others  are  either  in  poorer  ore  than  these  two 
shafts,  or  are  not  worked,  because  it  is  thought  advisable  to  follow 
the  ore  to  the  south,  where  it  seems  to  be  running  richer  than  toward 
the  north.  The  ore  consists  of  pyrrhotite  mixed  with  chalcopyrite 
and  quartz  in  variable  proportions.  Hardly  any  other  minerals  ex- 
cept a  small  amount  of  carbonate  of  lime,  some  little  black  mica,  and 
occasionally  garnet,  can  be  seen  in  the  rock. 

The  method  of  mining  employed  is  known  as  underhand  stoping, 
this  method  being;  the  best  suited  for  the  character  of  the  vein.  The 
rock  is  hard,  but  the  ore  is  won  without  much  difficulty.  Negro 
labor  is  employed  to  a  very  large  extent,  and,  so  far  as  my  experi- 
ence goes,  I  have  found  it  as  good,  if  not  better  than  white  labor, 
and  much  more  tractable.  The  wages  paid  are  low,  but  the  work 
performed  is  equal  to  that  done  elsewhere,  for  while  the  actual  money 
paid  is  small  in  amount,  its  purchasing  power  is  as  great,  or  even 
greater,  than  a  much  larger  amount  paid  elsewhere.  The  store  sys- 
tem, which  is  adopted,  allows  the  miners  to  get  good  and  substantial 
articles  at  a  much  lower  price  than  they  can  purchase  them  else- 
where, thus  rendering  them  contented,  and  yielding  besides  a  large 
revenue  to  the  company. 

The  method  of  extraction  is  by  iron  buckets.     These  hold  from 
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1600  to  2000  ponncls  each.  They  are  placed  on  a  truck  which, 
when  loaded  is  rolled  to  the  shaft,  and  the  buckets  are  there  hoisted. 
The  ventilation  of  the  mine  is  excellent,  the  foul  air  of  a  blast 
being  removed  in  a  very  short  time. 

The  mine  was  originally  opened  on  a  very  rich  streak  of  chalco- 
site  running  at  times  as  high  as  30  per  cent,  in  copper.  The  works 
which  were  constructed  to  treat  it  were  designed  for  the  Hunt  and 
Douglass  process,  which  has  been  elsewhere  described  in  full.*  This 
process  was  worked  on  a  large  scale  until  the  amount  of  carbonate  of 
lime  which  came  into  the  ores  rendered  it  impossible  to  use  it  any 
longer.  It  was  then  abandoned  and  the  present  works  built.  The 
ore  afterwards  became  poor,  and  no  traces  of  chalcosite  are  now  seen 
in  the  mine. 

The  smelting  works  are  situated  only  a  few  hundred  feet  from  the 
mine.  The  ore  is  delivered  into  the  dressing-house,  where  that  con- 
taining copper  is  separated  from  the  sterile  material,  and  discharged 
into  a  car  running  by  gravity  to  the  smelting  works,  where  it  is 
dumped  into  carts  and  carried  to  the  piles  to  be  roasted. 

After  a  series  of  experiments,  extending  over  many  months,  it  has 
been  found  that  at  present  prices  an  ore  containing  3  per  cent,  of 
copper  just  pays  the  expenses  of  mining  and  smelting.  There  will, 
consequently,  be  a  loss  at  Ore  Knob,  under  the  present  conditions, 
in  working  by  the  method  now  used  an  ore  of  a  less,  and  a  profit  in 
working  those  of  a  higher  percentage. 

As  the  mine  and  the  works  are  so  near  together  no  special  provi- 
sion for  storing  the  ore  is  made  except  in  the  roasting  piles.  The  ore 
goes  from  the  mine  to  the  dressing  works,  and  from  there  it  is  deliv- 
ered in  cars  to  the  shoots,  which  dump  directly  into  the  carts  which 
carry  it  to  the  roasting-piles.  Tiiere  are  about  two  thousand  tons 
of  poor  ore,  however,  lying  upon  the  surface,  broken  and  ready  to 
smelt  whenever  a  process  can  be  found  to  work  it  profitably,  or 
when  the  price  of  copper  shall  be  high  enough  to  make  it  worth  while 
to  mix  this  ore  in  small  quantities  with  the  ore  as  it  comes  from  the 
mine. 

Analyses  jSTo.  1  and  No.  2  show  the  mineralogical  composition  of 
the  ore  taken  from  each  of  the  two  shafts  of  the  mine.  No.  3  is  a 
sample  taken  from  the  heaps  of  poor  ore  lying  on  the  surface. 


*  Soo  Engineering,  London,  Eng.,  vol.  xxii.,  p.  419.     Trans.  Am.  Inst.  Alin- 
ing Engineers,  vol,  i,  p.  258,  vol.  iii,  p.  301. 
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Chalcopj-rite, 

Pynhotitc, 

Sesquioxido  of  iron, 

Alumina,    . 

Manganese, 

Lime, 

Magnesia,  . 

Carbonic  acid,    . 

Zinc,  . 

Cobalt, 

Nickel, 

Silicious  residue, 


Metallic  copper  in  the  ore, 
Alkalies,  etc.,  not  determined. 


No.  1. 

No.  2. 

No.  3. 

11.33 

1330 

4.76 

37.46 

35  74 

48  78 

8.U 

16.34 

1836 

1.84 

1.49 

0.16 

0  50 

076 

5.32 

784 

7.21 

0  35 

0.94 

0.30 

4.76 

7.19 

6.00 

0.67 

0  66 

0.65 

0.09 

0.09 

0  095 

0.71 

0.92 

1.08 

29  10 

13.57 

98.58 

12  80 

99.93 

100.79 

3.92 

4.60 

1.65 

These  analyses  show  the  ores  to  be  of  exceptional  purity.  No 
trace  of  arsenic  or  antimony  could  be  found  in  any  of  the  samples. 

About  fifty  per  cent,  of  the  ore  mined  is  sent  to  the  smelting 
works.  The  amount  of  ore  mined  in  June,  1880,  was  2171.7  tons; 
that  sent  to  furnaces  was  1413,5  tons,  which  is  65  per  cent,  of 
that  mined.  The  amount  of  ore  mined  from  July  1st  to  8th,  1880 
(6  days),  was  564  tons ;  that  sent  to  the  furnaces  was  320  tons,  or  56 
per  cent. 

The  ore  might  be  enriched  much  further  by  careful  hand-picking. 
No  dressing  in  the  ordinary  sense  of  the  word  is  applicable  to  it, 
since  the  pyrrhotite  and  chalcopyrite  are  of  very  nearly  the  same 
specific  gravity.  No  eifort  is  made  at  dressing,  except  with  the 
**  fines,"  and  the  only  attempt  then  made  is  to  get  rid,  in  a  rough 
way,  of  part  of  the  quartz  in  the  ore. 

The  following  interesting  summary  of  the  cost  of  mining  and  the 
production  from  January  1st,  1879,  to  April  1st,  1880,  was  taken 
for  me  from  the  books  of  the  company  by  ]\Ir.  J.  E.  Clayton. 


COST    OF    MINING. 

Cost  of  labor,  for  fifteen  months,* 
Cost  of  pf>\vder,  fuel,  candles,  etc.. 
Cost  of  carting,  jier  ton  of  ore, 
Quantity  t)f  ore  delivered  in  mill-house, 
Ore  delivered  yielded  in  furnace  ore,     . 
Proportion  of  furnace  ore  to  ore  delivered, 
Average  yield  of  the  ore, 


$27,706  11 
8,499  24 
0  815 
38,372  tons. 
21,223  tons. 
55  1  per  cent. 
6     per  cent. 


*  The  labor  of  sinking  over  three  hundred  feet  of  shafting  and  all  the  devel- 
opment in  the  mine  is  included  in  this  amount. 
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Yifld  of  furnace  ore  from  ore  minpd,  1876,  .  .  .  .  .33  por  cent. 
Yield  of  furnace  ore  from  ore  mined,  1877,  .....  34  per  cent. 
Yield  of  furnace  ore  from  ore  mined,  1878,.  .  .  .  .48  percent. 
Yield  of  furnace  ore  from  ore  mined,  1879  and  1880, 

to  April  1st, .     65.1  per  cent. 

COST    OF    LABOR    IN    DETAIL. 

Cost  of  assortinsj,  handling;,  and  selectincj,        ....  $12,44766 

Cost  per  ton  of  assort! n 2;,  handliiis;,  and  selectinc;,  ....  0  3233 

Cost  per  ton  of  handlin<i;,  a!^snrtin<r,and  delivering  at  furnace,         .  0  586 

Cost  of  surface  work  for  flfleon  months,  .....  8,802  63 

Cost  per  ton  of  furnace  ore,  surface  work,        .....  0  415 

Cost  of  superintendent,  managers,  and  bookkeepers,         .         .         .  7,500  00 
Cost  of  superintendents,  managers,  and  bookkeepers, 

per  ton  of  ore, 0  208 

WAGES    (including    BOSSES) — UNDERGROUND. 

Seventy-two  men,  average  daily  pay, $0  92| 

WAGES — SURFACE. 

Assorting  ore,  thirty-nine  men,  average  daily  pay,       ....  $0  79^ 

Furnace  men,  eightj'-seven,  average  d;iily  paj',     .....  1  OGi- 

Averag  daily  pay  for  past  fifteen  months,      ......  0  89j 

Average  number  of  men  directly  emplo^^ed  at  the  mine,       .         .         .  220 

The  arrangement  of  the  metallurgical  works  appears  at  first  sight 
not  to  be  very  regular,  but  their  position  has  been  determined  by  the 
lay  of  the  ground.  They  consist  of  six  roasting  sheds,  ten  shaft  fur- 
naces, one  reverberatory  furnace,  and  four  houses  for  storing  the  coal. 

The  fuel  used  is  wood  for  roasting  and  refining,  and  charcoal  for  the 
shaft  furnaces.  The  lower  furnace  house,  Plate  l,is  124  by  54  feet; 
it  contains  four  ore  furnaces,  with  four  dust  chambers,  and  outside  of 
it  at  the  lower  end  is  an  engine  and  boiler  house,  33  by  35  feet.  Di- 
rectly behind  it  is  a  charcoal  shed  212  feet  long,  and  towards  the 
upper  end  two  ore-roasting  sheds,  one  300  and  one  280  feet  long. 
The  three  matte-roasting  sheds  lie  between  the  two  furnace  houses. 
One  of  these  is  nearly  in  line  with  the  lower  furnace  house,  100  feet 
from  it.  Behind  this  house,  50  feet  distant,  and  at  right  angles  to  it 
are  two  other  matte  sheds,  one  75  feet  and  the  other  120  feet  long. 
The  upper  furnace  house,  Plate  1,  is  180  by  56  feet,  with  an  engine 
and  boiler  house  at  the  lower  end  33  by  35  feet.  It  contains  four 
ore,  two  matte,  and  one  refining  furnace.  Behind  it  and  on  a  level 
with  the  throat  of  the  ore  furnaces  are  one  ore-roasting  and  two 
charcoal  sheds,  each  120  feet  long.  The  upper  and  lower  furnace 
houses  are  about  400  feet  apart.     They  arc  situated  on  the  crests  of 
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hills,  the  sides  of  these  hills  being  utilized  as  dump  piles  for  the 
slao-s,  which  have  already  accumulated  to  a  considerable  height,  but 
there  is  still  space  for  them  for  many  years  to  come. 

The  plant  is  capable  of  producing  a  much  larger  amount  of  cop- 
per than  it  now  does.  The  ore,  as  seen  by  the  analyses,  is  so  exceed- 
ingly pure,  and  the  fuel  so  entirely  free  from  everything  deleterious, 
that  with  careful  refining  a  very  high  grade  of  copper  might  be 
made. 

The  works  are  very  favorably  situated  with  regard  to  fuel.  The 
company  owns  a  large  amount  of  timber  land,  which,  however,  it 
has  been  thought  good  policy  to  leave  untouched.  They  contract  for 
their  wood  with  the  neighboring  farmers,  who  deliver  it  ranked  at 
the  following  prices : 

All  oak,  per  cord,  .         .         . $1  85 

Mixed  oak,     " 1  65 

Soft  wood,      " 1  50 

This  wood  when  delivered  is  ranked  up  beside  the  roasting 
sheds  on  the  side  from  which  the  prevailing  wind  comes  and  is  the 
only  protection  the  sheds  have  against  the  weather.  The  charcoal  is 
purchased  by  contract  at  five  cents  per  bushel  of  from  18  to  19 
pounds,  delivered  at  the  furnace.  The  wagons  are  numbered  and  their 
capacity  gauged.  The  receiver  gives  a  ticket  which  is  good  at  the 
store  for  a  specified  amount  of  supplies  and  a  certain  percentage  of 
money.  The  charcoal  is  delivered  by  drawing  out  the  bottom  boards 
of  the  cart ;  it  falls  in  a  pile  underneath,  and  after  careful  inspection 
is  stored  in  the  houses,  of  which  there  are  four,  containing  13,  35, 
66,  and  70  thousand  bushels  each.  The  farmers  cut  their  wood  in 
the  summer  and  burn  it  at  once,  and  are  not  generally  skilled  in  the 
manufacture  of  charcoal,  many  of  them  having  only  just  learned  it; 
therefore,  only  a  very  small  percentage  of  the  combustible  part  of 
the  wood  is  utilized.  The  wood  is  often  cut  and  immediately  put 
into  the  piles  with  the  leaves  on.  The  practice  of  cutting  wood  in 
the  summer  for  industrial  purposes  is  general  in  the  South,  and  is  a 
very  bad  one,  for  not  only  is  the  wood  so  cut  of  poor  quality,  but  the 
charcoal  made  from  it  is  very  light,  as  all  the  pores  of  the  wood  are 
open  at  that  time.  The  farmers  do  not  seem  to  care  to  get  the  full 
value  of  their  material,  but  regard  any  money  in  hand  as  a  profit, 
and  count  the  material  used,  and  their  own  labor  for  everything  else, 
except  for  their  crops,  as  clear  gain. 

As  the  charcoal  is  delivered  by  contract,  and  all  they  are  paid  for 
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it  is  considered  by  the  fiirmers  as  profit,  with  no  regard  for  the 
intrinsic  vahie  of  the  material,  it  would  seem  as  if  neither  they  nor 
the  works  had  any  interest  in  having  it  made  one  way  or  another. 
But  this  is  not  so ;  good  metallurgical  charcoal  can  only  be  made 
from  wood  cut  in  the  proper  season,  and  burned  in  the  proper  way. 
If  the  fuel  is  not  all  that  it  should  be  two  things  will  result;  first, 
more  of  it  must  be  used -to  get  the  proper  temperature  ;  second,  the 
furnace  will  be  constantly  liable  to  accidents,  which  increase  the  cost 
for  fuel,  decrease  the  output,  and  increase  the  labor  necessary  at  any 
given  time.  I  had  occasion  several  times  to  notice  accidents  and 
delays  attributable  solely  to  the  inferiority  of  the  fuel.  It  would  be 
wise  to  construct  a  few  kilns*  for  the  farmers  on  terms  which  could 
be  agreed  upon.  I  think  this  would  show  that  the  method  of  kiln 
burning  is  very  advantageous  to  both  parties,  as  the  kilns  cost  but 
little  and  need  very  few  repairs. 

All  other  materials  are  very  cheap,  as  there  is  no  market  in  the 
vicinitv  but  at  the  mine.  It  regulates  the  prices  of  most  of  the  articles 
produced  in  the  country.  Bricks  cost  $5  per  thousand ;  lumber, 
$10  per  thousand  feet;  labor  is  cheap  and  there  is  always  an  abun- 
dant supply  of  it,  but  from  the  prices  of  country  produce  given 
below,  it  will  be  seen  that  the  purchasing  power  of  money  is  much 
greater  than  it  is  in  most  places  : 


Butter, 

Beef,     . 

Mutton, 

Chickens,  grown  size, 

Turkeys, 

Eirgs,     . 

Corn,    . 

Wheut, 

Hay,      . 


.     8    to  12    cents  per  pound. 
.     4    to     4J  "         " 

.     3^-  to     4J  "         " 

10  cents  each. 
.      35  to  50  " 

6  to  10  cents  per  dozen. 
.  50  to  60  cents  per  bushel. 
.   80  to  100        "  " 

.00  to  12.00  per  ton. 


Pig  copper  is  arrived  at  in  four  and  ingot  in  five  operations.  The 
process  consists  of: 

1.  Roasting  the  picked  ore  and  the  dressed  fines  in  piles. 

2.  Fusion  in  a  shaft  furnace  for  mattes,  generally  called  single 
mattes. 

3.  Roasting  the  mattes  (Nos.  2  and  4)  in  piles. 


*  See  Transactions  Am.  Inst.  Mining  Engineers,  vol.  viii,  p.  373. 
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4.  Fusion  in  a  shaft  furnace  for  black  or  pig  copper,  anti  con- 
centrated or  double  mattes. 

5.  Treatment  of  the  salamanders. 

6.  Fining  and  refining. 

1.    ROASTING   THE   ORE. 

The  roasting  of  the  ore  is  effected  in  three  sheds,  each  34  feet 
wide,  and  300  feet,  280  feet,  and  240  feet  long  respectively.  They 
are  8  to  10  feet  to  the  first  timber,  and  20  feet  to  the  peak  of  the 
roof.  Tiiese  three  sheds  are  capable  of  holding  42  piles,  16  in  the 
first,  14  in  the  second,  and  12  in  the  third.  These  piles  are  17  by 
20  feet,  and  8  feet  high  in  the  middle,  and  contain  100  tons  of  fresh 
ore  and  about  50  tons  of  partially  roasted  ore,  so  that  in  all,  each 
pile  holds  about  150  tons.  The  bottom  of  these  ore  piles  is  made 
directly  on  the  ground.  Very  fine  ore  is  put  down  first  to  a  depth 
of  from  ten  to  twelve  inches.  In  taking  up  this  fine  orp  after  roast- 
ing the  ore  floor  is  hollowed  out,  so  that  it  gradually  becomes  deeper. 
Over  the  fine  ore  three  cords  of  good  wood  are  placed  in  two  rows 
beneath  the  whole  piles;  three  rows  are  made  upon  the  outside  so 
as  to  form  a  barrier  to  hold  up  the  sides  of  the  pile.  The  ore,  which 
is  broken  to  about  the  size  of  the  fist,  is  piled  over  the  wood.  It 
is  dum])ed  from  carts  under  the  sheds,  to  form  the  ends  of  the 
pile,  and  is  shovelled  to  the  sides  and  the  centre.  On  the  sides 
and  ends  it  is  left  to  take  its  natural  talus.  The  outside  of  the  pile 
is  covered  with  ore  in  pieces  about  the  size  of  a  hickory-nut,  and  the 
fine  unfinished  ore  is  placed  on  t.ie  top  and  sides  of  the  i)iles,  then 
the  very  fine  screenings  over  this  on  the  top  and  sides.  On  the  bot- 
tom at  the  sides  the  piles  almost  touch.  Three  piles  of  fresh  ore 
were  being  roasted,  two  were  being  taken  down,  three  were  being 
built,  and  two  roasting  spaces  were  empty  at  the  time  of  my  visit. 
The  carts  come  in  quickly  as  they  are  wanted.  They  are  loaded 
from  a  bin  at  the  end  of  the  inclined  tramway  coming  from  the 
dressing-house,  by  drawing  a  slide. 

As  the  ore  contains  a  very  large  amount  of  sulphur,  owing  to  the 
presence  of  so  large  a  quantity  of  pyrrhotite,  but  little  fuel  is  re- 
quired for  the  process.  The  greatest  part  of  the  heat  is  due  to  the 
sulphur  in  the  ore.  The  pile  soon  settles  from  the  burning  out  of 
the  wood,  when  the  men  make  the  cracks  tight  with  fine  ore,  leaving 
only  just  enough  of  them  open  at  the  bottom  of  the  pile  to  insure 
the  propagation  of  the  heat  from  below  up,  and  to  draw  it  to  any 
point  where  there  may  have  become  too  cool,  which  is  easily  accom- 
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plisliefl,  owing  to  the  way  in  which  the  pile  is  built.  It  requires 
but  little  labor  to  take  charge  of  such  a  pile  since,  if  it  is  properly 
constructed  and  kept  free  from  the  influence  of  high  winds,  the  heat 
of  the  burning  sulphur  spreads  itself  upward  in  layers  sufficiently 
horizontal  to  insure  a.  nearly  equal  distribution  of  the  heat.  The 
ease,  however,  with  which  the  air  has  access  to  the  pile,  will  cause 
some  irregularities,  as  will  also  the  size  and  nature  of  the  pieces  of 
the  ore,  so  that  it  is  never  uniformly  roasted.  In  driving  off  the 
sulphur,  sufficient  must  be  left  to  form  the  matte,  but  enough  must 
be  driven  off  to  insure  that,  as  much  of  the  iron  as  possible  shall 
pass  at  once  into  the  slag.  The  pile  is  lighted  at  the  four  corners. 
It  takes  about  twenty-four  hours  to  get  it  well  burning.  Fine  ore 
and  small  pieces  are  put  round  the  bottom  against  the  wood,  after  it 
is  well  started,  to  prevent  its  burning  too  fast,  the  thickness  of  the 
cover  being  varied  in  order  to  regulate  the  rate  of  burning.  It  takes 
about  six  weeks  to  burn  a  pile.  When  taken  down  it  is  about  three- 
fifths  roasted,  and  the  rest  goes  into  a  new  pile.  The  fine  ore  on  the 
bottom  is  generally  entirely  agglomerated,  so  that  it  has  to  be  broken 
with  a  pick  or  sledges.  Any  ore  that  is  not  well  roasted  goes  into 
the  new  pile.    The  piles  are  discharged  before  they  become  cold. 

Three  men  and  two  horses  and  carts  are  required  to  bring  the 
ore  to  the  piles.  Four  men  are  required  to  clean  them  up,  and  dress 
and  break  the  masses,  which  have  become  agglomerated  in  the  pro- 
cess of  roasting.  Two  piles  a  week  were  taken  down  during  my 
visit.  There  are  usually  about  seven  broken  piles  in  process  of  re- 
moval at  one  time.     The  men  at  the  piles  work  on  ten-hour  shifts. 

The  analyses  of  the  roasted  ore  is  given  below. 

No.  1.  No.  2. 

Copper, 4.68  3.94 

Iron, 39.08  38  38 

Sulphur, 6.76  7.64 

Alumina, 1.79  2.68 

Mani^nnese, 0.40  0.86 

Lime, 8.10  8.01 

Magnesia, 0  88  0.65 

Silicious  residue, 15  20  17.52 

In  order  to  be  sure  of  an  average  result  the  assay  sample  for  No. 
1  was  taken  from  the  carts  going  to  the  ore  furnace,  a  shovelful  being 
taken  from  different  parts  of  each  cart.  For  No.  2  the  ore  was  taken 
from  the  different  piles,  the  sample  being  taken  from  the  bottom  to 
the  top. 

As  the  ore  and  the  mattes  made  from  them  are  roasted  in  the  open 
air,  the  sulphuroussmokegiven  off  from  these  piles  is  injurious  to  vege- 

VOL.   X. — 3 


34  INVESTIGATIONS   ON   THE    ORE    KNOB    COPPER   PROCESS. 

tation,  so  that  the  region  over  which  it  reaches  is  completely  denuded. 
No  very  great  inconvenience  results  from  this  at  the  present  time,  as 
the  company  owns  all  the  territory  affected.  Much  of  the  sulphur 
thus  lost  might  be  made  a  source  of  revenue  to  the  company  by 
utilizing  it  in  some  process  of  working  the  poor  ores,  now  an  ob- 
stacle to  the  opening  of  the  mine,  and  an  incumbrance  on  the  sur- 
face. The  cost  of  wood,  it  is  true,  is  very  small,  but  if  this  ore  were 
roasted  in  furnaces,  less  wood  would  be  used,  and  the  roasting  would 
be  more  thoroughly  done.  All  the  conditions  under  which  roasting 
in  piles  is  profitable  exist  at  the  Knob,  but  the  very  best  wood  is  now 
used  in  the  process  instead  of  refuse  and  poor  material.  A  furnace 
plant  to  do  the  same  work  would  require  an  outlay,  but  in  the  end 
would  be  cheaper  in  fuel,  and  require  a  much  smaller  stock  of  ore 
in  the  piles,  which  is  really  equivalent  to  an  increase  in  the  product 
of  the  mine.  If  the  poor  ores  are  ever  to  he  worked  it  must  be  by 
some  method  which  involves  the  saving  of  the  sulphur. 

The  roasting  of  the  ore  is  imperfectly  done,  but  the  ore  is  of  such 
exceptional  purity  that  there  are  but  few  disadvantages  resulting 
from  the  hasty  roasting,  the  most  serious  one  being  that  the  matte 
is  not  as  rich  as  it  might  be,  and  more  foreign  matter  than  necessary 
must  be  put  through  the  next  operation. 

DETAILED    STATEMKNT    OF    COST    OF    ROASTING    AT   ORE    KNOB;    TAKEN    FOR 
FIFTEEN    MONTHS,   FROM    JANUARY    IST,   1879,  TO    APRIL    IST,   1880. 

TT     1-        *  u  J     f  3  men  at  75  cents,  $2  25,  ->     .     d^o  nc 

Haulins;  to  ore  sheds,  J  iw        ,  i  $3  05 

1  2  carts  and  horses  at  40  cents,  $0.80,  /     . 

Placing  ore  and  caring  for  ore  heaps,  1  man  $1.00,  3  men  75  cents,       3  25 

6  30 
(Average  amount  of  ore  roasted  per  day  50  tons  of  2000  pounds.) 

Average  amount  of  fuel  used  per  day  1^  cords  of  wood  at  $1  85,  .       2  77 

Cost  for  50  tons, $9  07 

Cost  per  ton,  ..........        0  1814 

The  ore  is  delivered  in  cars  on  the  tramway  near  the  furnaces. 

Of  the  piles  of  ore,  at  the  time  of  my  visit,  3  were  being  made, 
20  were  roasting,  5  were  being  cooled,  10  were  cold,  and  4  places 
were  empty. 

2.    FUSION    FOR    MATTES. 

The  roasted  ore,  as  soon  as  taken  from  the  piles,  is  carried  to 
the  shaft  furnaces,  Plate  II.  The  furnaces  used  for  smelting  ore 
and  matte  are  almost  identical  in  construction.  There  are  eight  ore 
furnaces,  which,  when  they  are  all  running,  produce  forty  tons  of 
matte,  or  about  five  tons  each  in  twenty-four  hours.    Four  of  them 
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were  not  in  blast.  The  furnaces  are  rectangular  in  section,  and  have 
two  tuyeres  in  the  back  of  the  furnace  3  inches  in  diameter,  with 
nozzles  2^  inches  in  diameter.  The  tuyeres  converge  so  that  lines 
passing  through  their  centres  meet  at  21  inches  from  the  nozzle. 
The  material  of  which  the  furnace  is  built,  as  shown  in  Plate  II,  is 
partly  soapstone  and  partly  firebrick.  The  whole  of  the  furnace 
below  the  tuyeres  is  made  of  crushed  quartz. 

The  furnace  is  2  feet  4  inches  wide  at  the  tuyeres,  and  3  feet  10 
inches  under  the  tyrap.  It  is  8  feet  10  inches  high  on  the  tuyere 
side,  and  9  feet  4  inches  on  the  breast  side.  The  plan  gives  a  sec- 
tion on  the  line  of  the  tuyeres  and  at  CC  above,  showing  that  the 
interior  tapers  slightly  on  all  sides  except  at  the  breast.  The  tymp 
is  made  of  a  piece  of  soai)stone  6  by  12  inches,  which  goes  across  the 
whole  front  of  the  furnace.  Above  this  stone  the  walls  are  8  inches 
thick,  built  half  of  firebrick  on  the  inside,  and  the  other  half  of 
common  brick*  on  the  outside  to  a  height  of  40  inches,  where  an  iron 
bar  1^  by  4  inches  supports  the  soapstone  above  on  the  tuyere  side. 
There  is  a  soapstone  12  X  18  X  54  inches  above  the  tuyere.  The  fire- 
brick is  here  carried  up  4  feet.  The  red  brick  is  carried  part  of  the 
way  to  the  same  height,  and  the  rest  only  3  feet,  the  soapstone  here 
being  supported  by  an  iron  bar  of  the  same  size  as  on  the  breast 
side.  By  this  arrangement  the  whole  of  this  part  of  the  furnace  can 
be  taken  out  without  disturbing  the  rest.  The  tuyere  is  12  inches 
above  the  hearth,  which  inclines  to  the  front  so  as  to  be  there  18 
inches  below  the  centre  line  of  the  tuyere.  The  dam-stone  S,  does 
not  exist  in  the  ore  furnace,  but  goes  across  the  front  of  the  pig- 
copper  furnace,  which  is  in  all  other  respects  exactly  similar;  it  has 
a  rounded  cut  on  the  inside  and  also  on  the  under  side. 

On  the  front  of  the  furnace  is  a  fore-hearth  made  of  pieces  of  cast 
iron  bolted  together.  It  is  5  feet  wide  and  30  inches  high  next  the 
furnace,  and  28  inches  wide  and  2  feet  high  on  the  front.  In  the 
middle  of  the  front  a  spout  is  bolted  on  for  the  slag  to  flow  over. 
This  box  is  filled  and  carefully  packed  with  a  mixture  of  equal  parts 
of  steep  and  river  sand.  The  steep  is  made  of  one  part  of  burned 
clay  and  two  of  charcoal  dust.  The  hearth  is  then  finished  in 
crushed  quartz,  when  the  tap  liole  is  cut  out  through  a  hole  made 
on  one  side  through  the  cast-iron  plates,  and  is  closed  with  quartz 
sand,  wetted  so  as  to  pack.  It  is  easily  opened  with  a  ]>ointed 
iron  bar  at  first,  but  in  about  ten  days  it  gets  hard,  and  has  to  be 

*  The  bricks  made  iit  the  works  are  now  used  exclusivelj'  in  the  place  of 
common  red  brick. 
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cut  out  with  a  steel-pointed  tool.  The  soapstone  which  is  used  in  the 
construction  of  the  furnace  comes  from  the  neighborhood,  and  is  con- 
tracted for  at  fixed  prices. 

The  bricks  used  are  made  at  the  works,  of  two-thirds  of  crushed 
quartz  and  one-third  clay.  The  mixture  is  sun-dried  and  built  into 
the  furnace,  and  dried  and  burned  in  place.  No  bricks  are  burned 
outside  of  the  furnace. 

Next  to  each  furnace,  and  connecting  with  it  directly,  is  a  large 
dust  chamber,  which  is  4  X  8  X  16  feet  on  the  inside.  Access  to 
it  is  had  by  a  door  on  the  casting  floor,  which  is  closed  and  luted 
tight  when  the  furnace  is  at  work.  Between  the  furnace  and  the 
dust  chamber  there  is  an  arched  opening  three  feet  wide,  to  ad- 
mit of  free  circulation. 

The  cost  of  construction  is  given  in  detail  below : 

COST   OF    COPPER   FURNACE   AT    ORE    KNOB,    NORTH    CAROLINA. 

144  cubic  feet  best  soapstone,  at  $1.08,      .... 
117  «'        common  soapstone,  at  96  cents,  . 

1  M.  firebrick, 

3  M.  common  brick,  at  $6, 

210  feet  railroad  rails,  50  pounds  per  foot,  about  IJ  tons, 

delivered  here, 
50  feet  of  1|-  round  iron  and  bolt  ends,      .... 
20  square  feet  cast  plates,  1  in.  thick, 700  pounds,  at  3  cents, 
Mason's  wages,  ......... 

Helper's  wages, 

Mortar,       .....••••• 
Blacksmith's  work,    ........ 

Dust  Chamber. 
18  M.  common  brick,  at  $6,       ...... 

IJ  tons  railroad  rails, 

961  pounds  round  IJ-inch  iron,  at  4  cents, 

Mason's  wages, 

Helper's  wages, 

Mortar, 12  00 

Blacksmith's  work, 8  00 


$155  52 

112  32 

10  00 

18  00 

60  00 

9  82 

21  00 

65  00 

10  00 

5  00 

10  00 

$476  16 

$108  00 

60  00 

38  44 

27  00 

10  00 

Chimney, 

16  M.  brick  for  stack,  at  $6, $96  00 

Mason's  wages, .  .  .  .  • 
Helper's  wages, .  .  .  .  ■ 
1000  pounds  iron,  round  and  square. 
Blacksmith's  work,  .... 
Mortar,       ...... 


30  00 
15  00 
40  00 
6  00 
11  00 


$461  44 
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One-half  cost  of  dust  chamber  and  chimney  for  one  fur- 
nace,*    ........••     $230  72 

Cost  of  furnace, .       476  16 

Total  cost  of  one  furnace,  .......     $706  88 

The  charging  bed  is  made  on  the  level  of  the  throat  with  six  loads 
of  roasted  ore,  containing  about  1500  pounds  each,  which  is  spread 
out  over  the  charging  floor  directly  behind  the  throat  of  the  furnace. 
The  charging  floor  is  22  feet  wide  and  120  feet  long.  It  is  con- 
tinuous for  the  furnaces  in  both  the  lower  and  upper  houses.  Over 
the  ore  one  load  of  about  800  pounds  of  cleanings  from  the  front 
of  the  furnace  is  then  spread.  One  load  of  the  tips  of  the  slag 
pots,  containing  foul  slag,  weighing  about  1500  pounds,  and  one 
load,  or  1200  pounds,  of  flue  dust,  mixed  with  clay,  are  then  put  on. 
This  mixture  of  flue  dust  and  clay  consists  of  two-thirds  of  the 
former  and  one-third  of  the  latter.  The  charging  bed  so  composed 
is  mixed  with  a  shovel,  and  ten  shovels  of  the  mixture  are  charged 
to  one  basket  holding  about  two  bushels  of  charcoal,  the  size  of  the 
charge  depending  upon  the  heat  of  the  furnace. 

The  slag  runs  continuously  over  the  spout  on  the  fore- hearth  into 
a  slag-pot  placed  in  front  of  the  furnace.  To  keep  it  from  chilling 
charcoal  in  small  pieces  is  placed  on  the  runner.  About  four  bushels 
per  shift  of  twelve  hours  are  used  for  this  purpose. 

The  fore-hearth  is  always  cleaned  out  just  before  tapping.  Gen- 
erally it  is  cleaned  twice  in  the  course  of  the  twelve  hours.  Im- 
mediately after  the  last  cleaning  it  is  tapped.  The  tapping  is  made 
twice  in  twenty-four  hours;  90  slag-pots  per  shift  of  twelve  hours 
are  filled.  About  half  the  slag  used  in  the  furnace  is  rich  slag, 
which  is  added  for  a  flux.  The  matte  runs  into  a  casting-pit  lined 
with  a  steep  made  of  one  part  of  burned  clay  and  two  of  fine  char- 
coal. It  is  about  two  feet  deep  and  four  feet  in  diameter.  The 
matte  is  taken  off  in  disks  as  it  cools,  by  means  of  hooks.  This  is 
the  best  method  of  casting,  as  it  brings  it  into  thin  sheets  so  that  it 
can  be  easily  broken.  Each  casting-pit  makes  from  nine  to  thirteen 
disks  weighing  about  1500  pounds  apiece. 

A  campaign  in  the  ore  and  matte  furnaces  lasts  from  40  to  60 
days.  The  men  work  on  shifts  of  twelve  hours  in  all  the  furnaces, 
the  shifts  changing  at  1  a.m.  and  1  p.m.  If  all  the  six  ore  furnaces 
were  running  on  good  ore,  the  output  of  the  works  would  be  not 
far  from   500  tons  of  matte  per  month.     Tiie  mine  did  not,  how- 

*  The  dust  chamber  and  chimney  are  for  two  furnaces. 
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ever,  produce  enough  to  keep  more  than  two  matte  furnaces  running 
in  July,  1880. 

The  analysis  of  this  matte  is  given  below: 

Copper, 23.41 

Iron, 47.00 

Sulphur, 22.08 

Alumina, 0.40 

Manganese,    .         •         .         .         .         .         .         .         .         .0.24 

Lime, 0  85 

Mairnesia, 0  38 

Silicious  residue,    , .  0.57 

The  slags  flowing  from  the  furnace  are  separated  into  poor  and 
rich.  The  rich  slags  are  put  directly  back  into  the  furnace;  the 
poor  are  sent  to  the  dump  heap.  The  analysis  of  the  rich  slag 
from  both  the  ore  and  the  matte  is  as  follows : 


Copper,  . 1.35 

Iron, 40.83 

Sulphur, 2.87 

Alumina, 4.84 

Manganese, 1.17 

Lime,      ...........  9.87 

Magnesia,       .         .         .        .         .         .         .         .         .         .1.12 

Silicious  residue,     .........  25.96 

These  slags  are  a  little  more  basic  than  a  bibasic  silicate.  They 
are  not,  however,  very  infusible,  owing  to  the  large  quantity  of  iron 
they  contain.    They  flow  freely  from  the  furnace,  but  are  a  little  pasty. 

The  analysis  of  the  poor  slag  is  given  below.  It  was  made  of 
a  sample  taken  from  the  slag  heaps  of  both  furnace  plants.  The 
sample  was  taken  from  all  parts  of  the  piles.  It  was  collected  in 
two  carts,  the  whole  of  it  crushed,  and  the  sample  for  analysis  taken 
from  the  crushed  material: 


Copper, . 

Iron, 

Sulphur, 

Alumina, 

Manganese, 

Lime, 

Magnesia, 

Silicious  residue, 


0.57 
40  83 
1.82 
4.29 
1.11 
9.59 
1.11 
27.56 


The  poor  slags  do  not  differ  essentially  in  composition  from  the 
rich,  except  in  the  quantity  of  copper  they  contain.  They  are  gen- 
erally produced  a  little  before  and  at  the  time  of  casting.     It  would 
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be  better  if  tliese  slags  were  more  acid  ;  they  would  separate  more 
easily  and  attack  the  sides  of  the  furnace  less,  but  the  iron  would 
not  be  so  rapidly  separated  nor  the  matte  so  rich.  It  is  the  very 
large  quantity  of  iron  present  which  makes  all  the  difficulty  in 
working  the  furnace  and  causes  the  short  campaigns. 

These  slags  run  higher  in  copper  than  those  made  on  Lake  Supe- 
rior, but  I  think  will  hardly  be  made  poorer  with  the  present  fuel. 
If  made  with  less  copper  the  composition  of  the  charge  would  have  to 
be  changed,  or  they  would  probably  have  to  be  submitted  to  a  special 
treatment  as  at  Pittsburgh,  or  be  melted  separately  in  a  cupola  as 
on  Lake  Superior,  which  would  not  pay.  It  would  be  much  better 
to  run  the  slags  a  little  higher  in  silica,  when  more  of  the  copper 
would  probably  pass  into  the  matte.  The  slags  in  both  these  works 
are  said  to  run  as  low  as  0.25  per  cent,  in  copper. 

The  number  of  slag-pots  required  for  each  ore  furnace  is  seven. 
These  pots,  as  shown  in  the  figure  below,  are  made  of  cast  iron  with 

1^ s 


SLAG   POT 


lugs  on  the  sides,  so  that  they  can  be  easily  taken  up  and  tipped. 
They  stand  on  three  legs,  one  of  which  is  at  right  angles  to  the 
plane  of  the  other  two,  so  that  it  stands  firm,  and  so  that  whatever 
way  it  stands  it  can  be  easily  taken  up  by  the  slag  buggy.  The 
total  number  of  slag-pots  filled  in  the  course  of  twelve  hours  is 
ninety.    From  the  ore  furnace  four  of  these  pots  will  contain  rich  slag. 
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Only  two  of  the  ore  furnaces  were  working  in  the  lower  furnace- 
house  at  the  time  of  my  visit.  They  were  working  well,  but  I 
think  there  would  be  an  improvement  if  the  ore  were  more  carefully 
sorted.  The  casting  is  made  about  once  in  eight  hours.  Twice  in 
the  interval  the  furnace  is  worked  to  get  rid  of  the  accumulations  of 
iron  which  form  in  the  lower  part  of  the  furnace.  The  first  indica- 
tion of  a  foul  hearth  is  a  foul  slag.  Whenever  the  matte  runs  over 
with  the  slag  the  furnace  is  sounded  and  the  charcoal  over  the 
apron  is  taken  off  to  remove  the  obstructions. 

The  sticking  in  the  furnace  is  caused  by  insufficiently  roasted 
ore,  and  too  high  a  temperature,  which  causes  an  energetic  reduc- 
tion of  the  iron,  of  which  there  is  a  very  large  quantity  in  the  ore. 
When  the  obstructions  are  to  be  removed,  the  charcoal  on  the  fore- 
hearth  is  drawn  away,  and  the  hearth  worked  with  a  heavy  bar  and 
sledges,  and  the  accumulated  material  (charcoal,  iron,  and  matte 
mixed)  is  drawn  with  a  rabble  over  the  side  of  the  furnace,  and  cooled 
with  water.  This  is  repeated  as  often  as  necessary  until  the  matte  is 
cast.  These  half-melted  masses  of  iron  are  put  back  into  the  fur- 
nace, if  small,  but  if  large  are  put  to  one  side  to  be  treated  by  them- 
selves. After  the  furnace  has  been  cleaned  the  slag  does  not  run 
again  for  an  hour  or  more. 

When  the  furnace  commences  to  engorge  the  charge  is  let  down 
(at  4  A.M.).  At  8  A.M.  the  furnace  can  be  chiselled,  which  will  take 
from  three  to  four  hours.  The  fore-hearth  is  then  packed  and  the 
furnace  filled  with  charcoal  and  allowed  to  stand  from  three  to  four 
hours  and  then  charged.  The  furnace  will  be  about  twenty-four 
hours  out.  The  furnaces  were  formerly  chiselled  once  a  week  ;  it  is 
now  done  about  once  in  twenty  days.  The  material  so  accumulated  is 
always  put  to  one  side,  to  be  submitted  to  the  special  treatment  No.  5. 

The  blast  for  the  six  furnaces,  four  ore  and  two  matte,  in  the 
upper  furnace-house,  is  a  No.  5  Root's  blower,  with  a  conduit-pipe 
18  inches  in  diameter.  The  engine  uses  one  and  seven-eighths  cords 
of  wood  per  day.  For  the  four  ore  furnaces  in  the  lower  furnace- 
house  a  No.  4  Root's  blower  is  used,  and  the  engine  uses  one  and  a 
half  cords  of  wood  per  day. 

Each  furnace  has  one  charger  above  and  one  below  per  shift  of 
twelve  hours,  one  slag-man,  and  one  keeper.  Besides  these  there  is 
one  slag-dumper  for  all  the  furnaces.  The  slag  boy,  in  addition, 
picks  the  slag  and  brings  it  back  to  the  furnace.  The  carts  bring 
all  the  slag  necessary  for  a  charge. 
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SMELTING    THE    ORE    FOR   SINGLE    MATTES — TOTAL    COST    CHARGED   AGAINST 
AMOUNT    OF    ORE    SMELTED — LABOR    AT    FURNACE. 

Two  furnace-keepers,  at  $1.00, $2  00 

Two  furnace-cliargers,  at  80  cents,       .         .         .         .         ,         .         .         .     1  60 

Two  slas:-rol!ers,  at  80  cents,        ,         .         .         .         .         .         .         .         .     1  60 

Hauling  ore,  slag,  clay,  etc.,  to  and  from  furnace,  two  men  at  75  cents, 
one  man  at  60  cents,         .         .         .         .         .         .         .         .         .         .     2  10 

Cost  for  keep  of  one  horse  and  repairing  cart,    • 40 

$7  70 
Average  ore  smelted  in  furnace  per  day,  13  tons. 

Cost  per  ton  for  labor,  .  .         .         . $     60 

Cost  per  ton  for  charcoal,  54J  bushels  at  5  cents,         .         .         .         .         .     2  72 

Cost  per  ton  for  labor  and  fuel, $3  32 

Ore, 13,686    tons. 

Mattes, 4,326    tons. 

Total, 18,006    tons. 

Amount  of  charcoal  used, 979,938    bushels. 

Number  bushels  of  charcoal  used  per  ton,  .....  54J 

Cost  of  charcoal  per  bushel,  delivered  at  furnace,       ....         5  cents. 

3.    ROASTING   THE   SINGLE    MATTES. 

The  matte  is  broken  up  and  is  roasted  in  piles.  This  roasting  is 
carefully  done,  but  the  same  is  true  of  it  that  was  said  of  the  ore  roast- 
ing. The  mattes  require  more  fuel  than  the  ore,  and  as  they  do  not 
contain  any  arsenic  or  antimony,  they  could  be  roasted  much  better 
in  a  furnace,  where  they  would  be  under  complete  control,  than  in 
piles,  where  they  are  exposed  to  the  weather  at  all  times.  For  this 
roasting  there  are  three  sheds,  240,  120,  and  75  feet  long,  respect- 
ively, and  24  feet  wide.  The  floors  of  all  these  matte  sheds  are 
paved  with  brick  or  stone.  The  piles  are  14  by  14  feet,  or  about 
half  the  width  of  the  shed,  so  that  they  can  be  turned  from  one  side 
of  the  shed  to  the  other.  They  are  about  five  feet  high,  and  as  close 
together  as  they  can  be  piled.  There  are  fourteen  piles  in  the  long 
shed,  and  thirteen  piles  in  the  other  two  together.  The  pile  is  made 
by  covering  the  floor  of  the  shed  with  about  two  inches  of  fine  char- 
coal, over  which  about  one  and  one-fourth  cords  of  good  wood  is 
placed,  then  one  layer  of  large  pieces  and  one  layer  of  fine  pieces. 

The  quantity  of  wood  to  be  used  requires  judgment,  as  the  mattes, 
especially  the  rich  ones,  are  very  fusible,  and  are  likely  to  become 
agglomerated,  in  which  case  they  would  have  to  be  picked  out, 
broken,  and  passed  through  another  roasting,  which  is  never  so 
completely  done  on  these  agglomerated  masses  as  on  the  original 
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mattes,  which  are  cast  thin  for  the  especial  purpose  of  having  the 
action  of  the  roasting  such  that  the  sulphur  may  be  driven  off,  even 
to  the  interior  of  each  piece,  which  can  only  be  done  when  it  is  thin 
and  flat. 

The  matte  is  brought  in  carts  to  the  pile  and  dumped  on  it,  and 
is  then  broken  on  the  pile  with  hammers  to  about  the  size  of  the 
fist.  In  breaking  the  matte  on  the  piles  small  pieces  of  black  co|)per 
are  sometimes  found  in  it.  These  are  carefully  picked  out.  This 
black  copper  is  formed  mostly  with  the  thin  mattes  from  the  next 
fusion.  As  the  ore  is  so  very  pure,  and  contains  no  arsenic  and  anti- 
mony, the  formation  of  black  copper  with  the  mattes  is  of  little  con- 
sequence. If  it  was  formed  in  the  ore  fusion  it  would  contain  a 
very  large  amount  of  iron  and  would  make  very  rich  slags.  Fortu- 
nately there  is  but  very  little  of  it.  It  is  not  kept  separate  from 
the  other  black  copper,  but  is  taken  to  the  refining  furnace. 

As  the  concentrated  mattes  are  very  fusible,  they  should  be  broken 
to  very  small  pieces  and  scattered  about  over  the  pile,  so  as  to  be  in 
small  proportion  in  any  one  place,  and  in  this  way  to  avoid  any 
danger  of  agglomeration.  There  is  but  a  small  quantity  of  these 
thin  mattes,  so  that  the  danger  from  fusion  is  not  very  great.  When 
the  pile  is  taken  down  all  the  fused  or  agglomerated  pieces  are 
picked  out  and  put  to  one  side,  to  be  broken  and  put  into  the  next 
pile,  with  the  matte  not  sufficiently  roasted.  The  parts  which  are 
finished  are  red  and  honeycombed.  They  are  larger  than  they  origi- 
nally were,  but  have  about  the  same  weight,  owing  to  the  absorption 
of  oxygen.  The  pieces  that  are  not  sufficiently  roasted  are  collected, 
and  are  put  on  the  outside  of  the  piles. 

It  takes  about  five  days  to  burn  a  pile,  and  the  matte  is  roasted 
six  times  before  it  is  ready  for  the  furnace,  taking  about  a  month. 
From  the  first  to  the  third  roastings  it  takes  ten  days  to  finish  each 
pile;  the  fourth  and  fifth,  fifteen  days  each.  As  the  piles  occupy 
about  half  the  width  of  the  sheds  they  are  turned  from  one  side 
of  the  shed  to  the  other,  any  agglomerated  or  large  pieces  being 
broken  as  they  are  transferred.  Each  pile  contains  about  thirty- 
two  tons.  The  number  of  piles  required  for  the  matte  furnace  is 
seventeen.  One  of  these  is  being  taken  down  fully  roasted ;  one  is 
being  built  with  raw  matte ;  two  are  being  turned  and  fired  every 
day  by  two  sets  of  men.  There  are  thus  thirteen  piles  burning  every 
day,  and  four  not  burning.  Very  often  the  material  is  taken  to  the 
furnace  hot.  One  and  a  quarter  cords  of  wood  and  eight  bushels  of 
charcoal  are  used  for  roasting  one  ton  of  ore. 
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Two  boys  and  one  man  are  required  to  bring  the  matte.  Besides 
this  there  are  two  men  and  one  boy  for  each  pile,  to  look  after  and 
turn  it,  or  four  men  and  two  boys  to  do  the  whole  work  of  roasting. 
One  horse  and  two  boys  are  employed  in  hauling  the  matte. 

The  analysis  of  the  roasted  matte  is  given  below : 

Copper 18.26 

'   Iron 3982 

Sulphur, 3.38 

Manganese,  ..........  0.28 

Lime, 1  10 

Magnesia, trace. 

Silicious  residue, 14  50 

COST    OF    ROASTING   THE   SINGLE    AND    DOUBLE    MATTES.     . 

Labor  each  turning,  3  men  at  $0.75  each, .         .         .         .       $2  25 
Wood       "         "        U  cord  at  $1  85,  .         .   '      .         .         2  21 

Charcoal  "         "        8  bushels  at  |0.05,      ....  40 

Cost  of  one  fire,   .         .         .         .         .         .         .         .         .      $4  86 

Cost  of  six  fires, $29  16 

Hauling  to  sheds,  2  men  at  $0.75,  1  horse   and  cart  at 

$0.40,  $1.90. 
One  and  a  half  day  to  each  pile  at  $1.90  per  day,        .         .         2  85 

Cost  per  pile  of  64,000  pounds, $32  01 

ton, $1  00 


(t        n 


4.    FUSION    FOR   BLA.CK    COPPER. 

The  roasted  mattes  are  now  fused  for  black  copper  and  concen- 
trated or  double  mattes.  Two  furnaces  were  constructed  for  this  pur- 
pose, but  only  one  of  them  was  in  use.  They  are  exactly  similar  to 
the  ore  furnace,  except  the  presence  of  the  dam-stone,  which  is  hol- 
lowed out  on  the  back  side  and  underneath.  The  furnaces  are  of 
necessity  low,  on  account  of  the  very  large  quantity  of  iron,  which 
would  be  reduced  if  they  were  high.  The  pressure  of  the  blast  is 
three-fourths  of  a  pound  of  mercury  or  twenty-one  inches  of  water. 
The  tuyeres  are  three  inches  in  diameter,  and  ai*e  made  of  bronze 
They  have  been  in  use  for  two  years. 

In  addition  to  the  roasted  mattes  all  the  slags  from  the  refining 
furnace — some  of  which,  as  will  be  seen  by  their  analyses,  contain 
considerable  nickel  and  cobalt — are  added  to  the  charge  in  the  fur- 
nace. The  charging  bed  is  made  of  three  loads  of  matte  weighing 
1700  pounds,  one  load  of  rich  slag,  and  fifteen  shovels  of  clay  to 
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each  load  of  ore.  It  has  been  found  necessary  to  add  this  amount 
of  alumina  in  order  to  make  poor  slags.  Nine  shovels  of  the 
charge  are  made  to  one  basket  of  charcoal,  containing  two  bushels 
and  weighing  18.5  pounds.  The  men  employed  are  the  same  as  in 
the  other  furnaces.  The  casting  is  done  in  pigs,  which  weigh  from 
50  to  400  pounds,  according  to  their  length.  The  quantity  of  black 
copper  produced  in  twenty-four  hours  is  3500  to  4000  pounds,  aver- 
aging about  85  per  cent.  The  possible  output  of  each  of  the  two  fur- 
naces is  from  45  to  60  tons  of  black  copper  per  month.  The  matte 
produced  amounts  to  3000  pounds,  and  averages  about  55  per  cent. 
This  matte  forms  a  thin  coating  on  the  top  of  the  black  copper,  and 
is  easily  detached  from  it  by  a  blow  of  the  hammer.  It  is  called  a 
double  or  concentrated  matte,  or  sometimes  a  thin  matte.  It  contains 
considerable  quantities  of  shot  copper,  but  no  attempt  is  made  to 
separate  this.  It  is  not  kept  by  itself,  but  is  charged  in  the  roasting 
heaps  with  the  other  mattes.  Pieces  of  black  copper  are  often 
attached  to  it,  which  are  carefully  picked  out  by  the  men  breaking 
the  mattes  on  the  roasting  piles. 

The  shot  copper  in  the  sample  of  which  the  analysis  is  given 
below  amounted  to  1.04  per  cent.  When  this  was  carefully  sifted 
out  the  residue  contained  : 

Copper, 54.93 

Iron, 20.66 

Sulphur, 23.44 

Lead, 0.50 

Manganese,    .         .         .         .         .      ' 0.06 

Lime,     ...........  1.01 

Magnesia, 0.18 

A  little  lead,  only  a  slight  trace  of  which  appeared  in  the  ore, 
shows  itself  here. 

The  black  copper  contained  : 

Copper, 94.24 

Iron, 3.38 

Sulphur, 0.74 

Lead, 0.02 

Lime, 1.35 

99.73 

These  pigs  are  cast  in  sand,  and  as  soon  as  cool  are  broken  with 
sledges  to  get  them  into  a  shape  to  be  easily  handled,  and  to  separate 
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the  mattes,  which  form  a  thin  film  on  the  top,  and  are,  for  this  rea- 
son, sometimes  called  thin  mattes. 

The  slags  which  flow  from  the  furnace  are  caught  in  a  slag-pot  as 
before.  About  one  hundred  such  pots  are  taken  from  the  furnace 
in  twelve  hours.  The  four  taken  just  before  casting  are  always  rich. 
Occasionally  a  rich  tip  or  knob  will  be  found  among  the  others,  but 
this  indicates  careless  working. 

The  labor  is  the  same  as  in  all  the  other  furnaces,  except  the  labor 
of  cleaning  the  pigs. 

COST    OF    SMELTING    ROASTED    DOUBLE    MATTES. 

2  Furnace  keepers,  at  $1.00, $2  00 

2  Furnace  chargers,  at  80  cents,  .         .         .         .         .         .       1  60 

2  Slag  rollers,  at  80  cents.     .         .         .         .         .         .         .       1  60 

Labor  per  day,  .         .         .         .         .         .     $5  20 

Hauling   to  furnaces,  mattes,  clay,  fluxes,  etc.,  2  men,  75 

cents;  1  horse  and  cart,  40  cents, $1  90 

$7  10 

Average  amount  of  matte  smelted  per  day,  13|  tons. 

Cost  per  ton  for  labor, 52| 

"         "         charcoal,  b4^  bushels  at  5  cents,  .         .     2  72 

Cost  per  ton  for  labor  and  fuel,        .         .         .     $3  24| 
5.    TREATMENT    OF    THE   SALAMANDERS. 

All  the  loupes  and  salamanders  which  form  in  any  of  the  furnaces 
are  treated  in  the  winter  season  for  the  copper  they  contain.  They 
are  collected  during  the  rest  of  the  year,  and  are  deposited  on  the 
side  of  the  slag  heaps.  They  contain  a  large  amount  of  copper,  and 
were  formerly  a  source  of  considerable  loss,  since  all  the  attempts  to 
treat  them  as  part  of  the  ordinary  charge  failed.  The  treatment 
consists  of  oxidizing  and  then  sweating  them  in  a  German  hearth, 
made  by  taking  out  the  breast  of  one  of  the  black-copper  furnaces 
in  the  upper  furnace-house.  The  furnace  is  heated  with  charcoal, 
and  the  salamanders  piled  up  against  the  tuyjere  side  and  covered 
with  charcoal,  and  a  powerful  blast  turned  on.  This  serves  to 
oxidize  the  iron,  and  in  order  to  scorify  it  a  little  quartz  is  added. 
The  product  is  a  rich  matte,  which  is  treated  with  the  other  mattes, 
and  a  black  copper,  which  is  put  with  the  other  black  copper.  There 
is  about  four  times  as  much  black  copper  as  mattes.  The  slags  are 
very  rich,  and  contain  at  least  1 J  per  cent,  of  copper,  and  are  treated 
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with  the  matte  in  the  furnaces.  They  run  out  in  a  stream  on  the 
ground.  Tlie  furnace  is  charged  three  times  in  the  twenty-four  hours. 
Wiien  the  charge  is  exhausted  the  matte  and  pig  copper  are  removed 
and  a  new  charge  put  in.  The  cost  in  twenty-four  hours  is,  two 
men  at  $1  per  day,  two  at  75  cents,  and  300  bushels  of  charcoal. 
The  repairs  to  tools  cost  about  25  cents  per  day.  About  two  tons 
of  salamanders  are  smelted  in  this  way  in  twenty-four  hours.  This 
work  is  only  done  in  the  winter-time,  as  the  men  at  any  other  season 
would  be  greatly  inconvenienced  by  the  heat.  The  blast  used  is  at 
about  half  a  pound  pressure. 

6.    REFINING    PIG    COPPER. 

The  refinery  furnace,  Plate  3,  is  a  reverberatory  adapted  for 
wood,  and  holds  a  charge  of  10,000  pounds.  It  is  thoroughly 
braced  with  iron  to  prevent  cracking  from  expansion.  The  out- 
side is  built  of  ordinary  brick  two  bricks  thick ;  the  inside  and 
roof  are  made  of  firebrick.  The  fireplace  is  made  for  wood,  and 
is  really  a  wood  gas-producer.  It  is  4  feet  6  inches  long  by  4 
feet  wide.  The  top  of  the  grate  bars  is  6  feet  3  inches  below  the 
roof,  4  feet  10  inches  below  the  bridge,  and  3  feet  8  inches  above  the 
ash-pit.  They  are  made  of  rails  supported  on  two  iron  supports. 
The  roof  of  the  furnace  is  continued  over  the-ash  pit  up  to  20  inches 
from  the  end  wall ;  from  here  the  fireplace  rises  3  feet  8  inches  with 
a  width  of  20  inches  to  within  14  inches  of  the  top,  where  it  is  nar- 
rowed to  14  inches.  The  total  depth  of  the  fireplace  above  the 
grate-bars  is  thus  10  feet.  It  is  covered  on  the  top  with  a  heavy 
iron  door  of  the  whole  width  of  the  furnace,  counterpoised  so  as  to 
be  raised  with  the  least  expenditure  of  time  and  force.  The  fire- 
bridge is  4  feet  6  inches  long  and  2  feet  2  inches  wide,  and  14 
inches  below  the  roof.  The  laboratory  is  10  feet  long,  4  feet  6 
inches  at  the  fire-bridge,  and  7  feet  in  its  widest  part.  The  hearth 
inclines  from  the  bridge  on  all  sides  to  the  working  door  under 
the  flue,  where  there  is  a  small  sump  just  large  enough  to  admit 
of  the  ladle  being  put  in  it  to  take  out  the  last  traces  of  copper. 
The  height  of  the  roof  is  uniformly  2  feet  3  inches  over  the 
whole  surface  of  the  hearth  except  to  within  2  feet  of  the  flue,  where 
it  dips  to  18  inches  at  the  flue.  The  flue  is  14  inches  wide  and 
4  feet  above  the  level  of  the  working  door.  The  area  of  the  fire- 
place is  16  square  feet,  that  of  the  hearth  36  square  feet;  of  the 
bridge  9  square  feet ;  of  the  furnace-flue  4  square  feet,  and  that  of 
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the  main  flue  8  square  feet.     Their  relative  relations  are  therefore 
l:2i:i:i:i 

As  there  is  not  sufficient  pig  copper  made  for  continuous  running, 
the  furnace  is  lighted  once  a  week;  this  is  a  bad  plan,  both  for  the 
working  of  the  furnace  and  for  the  economy  of  fuel.  When  cold  it 
must  be  heated  from  eight  to  nine  iiours  to  get  it  into  condition  to 
receive  the  charge.  It  is  besides  much  more  difficult  to  make  good 
copper  on  a  freshly -heated  hearth.  It  would  be  much  better  to 
allow  ])ig-co})per  to  accumulate  until  there  was  enough  of  it  to  make 
a  continuous  run  for  some  time.  This  would  both  improve  the 
quality  of  the  copper  and  diminish  the  expense  in  fuel. 

When  the  furnace  is  brought  to  a  white  heat  the  hearth  is  re- 
paired by  filling  up  any  cavities  that  may  have  formed  in  it  with 
sand,  beating  it  down,  and  making  the  sides  and  bottom  with  an 
even  slope  towards  the  sump  under  the  flue.  When  this  has  been 
done  the  temperature  of  the  furnace  is  lowered  by  opening  all  the 
doors.  When  it  is  reduced  to  a  red  heat  the  pig-copper  is  charged 
through  the  charging  door  on  the  side,  and  so  distributed  over  the 
hearth  that  it  will  be  easily  reached  by  the  heat.  The  charging-door 
is  then  closed  and  luted,  and  the  temperature  raised  to  the  point  of 
fusion. 

It  takes  four  men  one  hour  to  charge  the  furnace.  It  takes  from 
five  to  six  hours  to  melt  the  charge ;  the  first  skimming  is  then 
made.  The  analysis  of  this  slag  is  given  (No;  1)  in  the  table  below. 
The  charge  should  be  melted  slowly  in  order  to  get  the  greatest 
amount  of  oxidation  at  this  stage,  so  that  the  foreign  metals  may  at 
once  combine  with  the  silica.  The  slags  are  not  drawn  until  they 
cover  the  whole  bath.  These  slags  are  pasty,  and  are  drawn  off  with 
an  iron  rabble. 

The  operation  of  refining,  after  the  metal  is  in  fusion,  consists  of 
three  distinct  phases,  fining,  refining,  and  ladling,  the  first  one  of 
which,  the  fining,  now  commences. 

The  charge,  after  being  crassed,  is  subjected  to  a  very  strong 
oxidizing  atmosphere,  in  order  to  slag  out  the  impurities  whicii  rise 
to  the  surface  in  the  shape  of  slags  and  crasses,  more  or  less  charged 
with  copper,  but  all  rich,  which  are  carefully  put  one  side,  to  be 
treated  in  the  pig-copper  fusion.  These  slags  are  skimmed  as  soon 
as  they  form  in  sufficient  quantities,  and  in  the  intervals  the  charge  is 
rabbled  to  make  the  oxides  come  to  the  surface,  every  twenty-five  or 
thirty  minutes,  from  three  to  twelve  hours,  until  it  boils  from  the 
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evolution  of  sulphur.  This  is  owing  to  the  fact  that  it  has  been  im- 
possible to  separate  all  the  matte  from  the  pig-copper  before  it  goes 
into  the  furnace.  It  is  allowed  to  boil  as  long  as  it  will,  generally 
from  one  to  three  hours.  When  it  ceases  to  boil  there  is  no  more 
sulphur  present,  and  it  is  rabbled  from  three  to  five  hours,  and 
crassed  whenever  necessary. 

The  crasses  consist  of  a  very  friable  material,  which  contains  a 
considerable  amount  of  metallic  copper  in  the  shape  of  grains.  Four 
samples  were  taken  at  the  hours  indicated  in  the  table.  The  analyses 
of  these  are  given  below  : 

ANALYSES   OF    THE    REFINING   CRASSES    AS    A    WHOLE. 


No.  1. 


No.  2. 


No.  3. 


No.  4. 


Metallic  copper 

Oxide  of  copper 

Protoxide  of  iron 

Sulphur 

Alumina , 

Manganese 

Lime 

Magnesia 

Cobalt 

Nickel 

Zinc 

Silica 

Total  metallic  copper  contained.. 


Six  hours 

after 
charging. 

7  p.m. 

2  A.M. 

boiling 
ceased. 

After  fl 
polinj 

40.50 

26.90 

48.50 

30.00 

15.19 

12.79 

24.45 

31.77 

26.50 

30.88 

8.91 

10.87 

2.77 

1.37 

0.23 

0.11 

0.66 

1.23 

0.33 

0.63 

0.06 

0.16 

0.04 

0.06 

1.17 

2.70 

1.35 

2.02 

trace. 

0.52 

0.17 

0.31 

0.42 

1.27 

3.88 

1.09 

0.16 

1.37 

5.36 

2.03 

0.36 

0.62 

0.00 

0.14 

12.72 

20.39 
100.20 

6.94 

19.94 

100.51 

100.16 

98.97 

54.0 

38.26 

70.0 

58.21 

The  metallic  copper  is  in  grains;  the  oxide  of  copper  is  mostly  combined 
with  silica,  and  partly  free  as  oxide. 

MECHANICAL    ANALYSIS    OF    THE    REFINING    CRASSES. 


Metallic  copper.. 
Siftings 


1 

2 

3 

4 

40.5 

26.9 

48.5 

30.0 

59.5 

73.1 

51.5 

70.0 

ANALYSES    OF    THE    SIFTINGS. 


Copper 

Iron 

Sulphur 

Alumina 

Mangane.se. 

Lime 

Magnesia.... 

Cobalt 

Nickel 

Zinc 

SUica 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

22.67 

15.54 

42.16 

40.30 

34.64 

32.85 

13.48 

12.08 

4.66 

1.87 

0.44 

0.16 

1.11 

1.69 

0.64 

0.90 

0.10 

0.22 

0.08 

0.08 

1.97 

3.70 

2.63 

2.89 

trace 

0.71 

0.33 

0.44 

0.71 

1.74 

7.53 

1.56 

0.27 

1.87 

10.41 

2.90 

0.60 

0.85 

0.00 

0.20 

21.38 

27.89 

13.47 

28.48 
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The  copper  and  iron  contained  in  the  above  analyses  correspond  to  : 


No.  1. 

No.  2.    . 

No.  3, 

No.  4. 

Oxide  of  copper  Cu^O, 

.     25.53 

17.50 

47.48 

45.39 

Protoxide  of  iron,    .     . 

.     44.54 

42.24 

17.31 

15.53 

The  results  of  these  analyses  are  remarkable.  The  analysis  of  the 
ore,  p.  28,  showed  only  from  0.8  to  1.2  per  cent,  of  nickel  and 
cobalt.  The  ores  are  thus  very  poor  in  these  metals.  The  slags, 
as  a  whole,  show  0.58  per  cent,  in  slag  No.  1  ;  2.64  per  cent,  in  No. 
2;  9.24  per  cent,  in  No.  3;  and  3.12  per  cent,  in  No.  4.  No.  1  is 
a  bibasic  silicate;  No.  2  contains  a  little  more  silica  than  No.  1; 
No.  3  is  a  tribasic  silicate,  which  contains  a  little  more  base  than  a 
neutral  silicate.     They  are  all  lower  in  silica  than  is  desirable. 

The  siftings  show  0.98  per  cent,  in  No.  1 ;  3.61  per  cent,  in  No. 
2;  17.94  per  cent,  in  No.  3;  and  4.46  per  cent,  in  No.  4,  which 
shows  that  the  cobalt  and  nickel  are  concentrated  in  the  refining 
slags  continuously  up  to  the  point  where  the  sulphur  disappears,  as 
shown  in  No.  3.  When  the  last  slags  are  taken  off  they  are  quite  poor 
in  cobalt  and  nickel,  and  the  copper  contains  no  trace  of  these  metals, 
showing  that  if  the  slags  were  treated  as  usual,  by  being  put  back  into 
the  black-copi)er  furnace,  the  cobalt  and  nickel  would  be  entirely  lost. 
This  fact,  so  far  as  I  know,  has  never  beeli  noticed  before.  The 
amount  of  the  slags  taken  from  the  furnace  is  small,  but  they  should 
be  separated,  as  the  cobalt  and  nickel  are  valuable  in  themselves,  and 
are  only  impurities  in  the  copper. 

When  all  the  slags  have  been  removed  the  atmosphere  of  the 
furnace  is  still  kept  o.xidizing,  in  order  to  remove  any  trace  of  im- 
purities except  a  very  small  amount  of  silver  and  lead.  The  metal 
is  rabbled  and  test  pieces  are  taken  in  order  to  ascertain  its  exact 
quality.  As  this  stage — the  taking  of  tests — is  the  most  important 
part  of  the  o])eration,  great  care  was  exercised  in  doing  this,  and 
three  sets  of  samples  were  taken  to  determine  the  exact  condition  of 
the  furnace  at  these  different  periods.  The  analyses  of  the  three 
sets  taken  during  the  rabbling  are  given  below  for  two  sets,  and  si.x 
samples  for  a  third.  These  all  show  remarkable  freedom  from  im- 
purities of  every  kind.  The  dark-red  samples  were  taken  as  the 
rabbling  was  carried  on,  from  No.  1  to  No.  6  ;  the  first  one  after 
two  hours'  rabbling,  the  second  after  three  hours,  the  third  at  three 
and  a  half  hours,  and  the  others  from  fifteen  to  thirty  mituites  each, 
till  the  impurities  were  completely  oxidized. 

VOL.   X. — 4 
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riRST  set; 

DARK  RED   SURFACES. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  C. 

4  AM. 

5  A.M. 

6  AM. 

7  AJI. 

8  A.M. 

9  A.M. 

Oxygen, 

. 

1.32 

1.21 

1.21 

1.38 

1.28 

1.53 

Sulphur 

,      . 

none 

none 

none 

none 

none 

none 

Silver, 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Lead, 

. 

none 

hone 

none 

none 

none 

none 

Copper, 

by  difference. 

98.63 

98.74 

98.74 

98.57 

98.67 

98.42 

The  second  and  third  sets  were  taken  at  much  longer  intervals; 
their  analyses  are  given  l>elo\v  : 


SECOND  SET  WITH   BLACK  SURFACES. 


No.  1. 

No.  2. 

No.  3. 

Oxygen, 

.       0.34 

0.29 

0.29 

Sulphur, 

none 

none 

none 

Silver,  .... 

.       0  05 

0  05 

0.05 

Lead,     .... 

.     none 

none 

nf)ne 

Copper,  by  difference,  . 

.     99  61 

THIRD  SET. 

99.66 

99.66 

No.  4. 

No.  5. 

No.  6. 

Oxygen, 

.       1.38 

1.44 

1.52. 

Sulphur, 

none 

none 

none 

Copper,  by  difference. 

.      98.56 

98  50 

98.42 

The  value  of  silver  in  all  the  rabbling  samples  corresponds  to 
14.6  ounces  to  the  ton  of  2000  pounds. 

The  operation  of  rabbling  is  continued  for  some  time,  in  order  to 
make  sure  that  all  impurities  possible  shall  be  separated  as  oxides, 
for  which  reason  considerable  oxide  of  copper  is  formed.  This  oxide 
dissolves  readily  in  metallic  copper,  making  the  test  pieces  bright 
red.  When  the  operation  of  rabbling  is  finished  this  oxide  must  be 
separated  by  a  process  of  refining,  for  which  purpose  poling  is  re- 
sorted to.  The  operation  of  fining  is  one  of  oxidation.  As  very 
small  percentages  of  oxide  of  copper  dissolved  in  metallic  copper 
make  it  useless  for  commercial  purposes,  it  must  be  reduced  with 
the  greatest  nicety  by  a  carefully  conducted  process  of  reduction. 

When  the  assay  shows  that  the  impurities  are  oxidized,  the  rab- 
bling is  discontinued,  and  the  operation  of  refining,  which  is  one  of 
reduction,  is  commenced.  For  this  purpose  a  green  or  very  wet  pole 
is  put  into  the  copper  and  held  in  it,  supported  on  a  wooden  crutch  ; 
all  the  airholes  of  the  furnace  are  stop])ed  tight,  and  the  poling  is  con- 
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tinned  until  the  slag  is  thick,  generally  two  hours,  so  it  can  be  skimmed 
oif.  The  copper  is  then  covered  with  charcoal  and  a  fresh  pole  put  in 
about  10  A.M.,  when  samples  are  taken;  the  first  one  half  an  hour 
from  the  time  the  second  poling  commenced,  beginning  at  No.  l,and 
the  others  during  the  poling,  every  15  or  20  minutes,  till  the  copper  is 
tough  pitch,  which  generally  takes  about  an  hour.  The  samples  are 
bright  and  shining. 

The  analyses  of  two  sets  of  these  samples  is  given  below  : 


FIRST    SKT. 

1st  Poling.    2d  Poling.  Casting. 
Oxygen,          .         .         .         .         .         .         0.61             0.26  0.24 

Copper,  by  difference,   •         .         .         .       99.33  99.68  99.70 

Silver,  one  determination  for  all,  .  0  06 

Lead,  "  "         "  "  trace 

The  silver  corresponds  to  17.5  ounces  to  the  ton  of  2000  pounds. 

SECOND    SET    WITH    BLACK    SURFACES. 


Oxygen, 

Silver,  . 
Lead,  . 
Copper,  by  difference, 


Poling. 

2d  Poling. 

Casting. 

0.20 

0.50 

0.26 

0.05 

0  05 

0.05 

none 

none 

none 

99  75 

99.45 

99.69  • 

The  silver  corresponds  to  14. G  ounces  to  the  ton  of  2000  pounds. 

As  soon  as  the  test  shows  the  proper  grain  and  silky  lustre  the 
metal  is  cast  into  ingot  moulds  by  means  of  iron  ladles  covered  with  a 
wash  of  clay  in  water.  These  are  first  put  into  the  furnace  to  bring  them 
up  to  the  proper  temperature,  during  which  time  a  piece  of  sheet- 
iron  is  put  over  the  door.  If  put  into  the  copper  cold  some  of  the 
copper  would  adhere  and  would  have  to  be  detached.  After  a  time 
the  ladles  get  too  hot  and  are  coated  with  a  film  of  copper.  To  re- 
move this  they  are  plunged  into  water.  The  skull,  owing  to  the 
wash  of  clay,  is  then  easily  separated.  The  ladles  are  recoated  with 
clay.  They  contain  about  1^  ingots  of  copper,  which  weigh  from 
13  to  16  pounds.  The  ladles  last  four  months ;  they  are  then  cut  off 
the  handles  and  new  ones  welded  on.  The  old  ladle  is  worthless  as 
iron,  as  it  contains  so  much  copper.  The  ladling  takes  two  hours. 
It  is  ncce.'jsary  to  heat  up  the  furnace  at  least  once  during  every  oper- . 
ation  of  the  casting,  when  the  furnace  is  out  of  repair,  but  when  new 
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it  is  not  heated  after  the  ladling  commences.  It  takes  four  men  to 
ladle,  two  men  to  tip,  and  two  boys  to  pick  out  the  ingots  from  the 
water-bosh.  During  the  dipping  the  blacksmith,  whose  shop  is  near 
by,  comes  to  assist. 

The  man  who  tips  the  moulds  stands  on  one  side  of  the  water- 
bosh  with  an  iron  rod,  with  which  he  picks  oif  from  the  surface  of 
the  melted  copper  any  specks  which  may  float  there  which  would 
render  the  ingot  imperfect.  It  is  his  duty  to  tip  the  ingots,  as  soon 
as  they  are  sufficiently  cool  to  allow  of  it,  into  the  water-bosh. 

It  is  essential  that  the  casting  should  be  done  at  the  lowest  pos- 
sible temperature,  and  that  the  bath  be  covered  with  charcoal.  In 
order  to  have  a  reducing  atmosphere  every  precaution  should  be 
taken  to  have  a  complete  combustion  of  the  fuel,  and  no  oxygen  in 
the  furnace.  This  is  often  not  the  case,  and  the  copper  is  frequently 
cast  from  under  a  thick  film  of  oxide  of  copper. 

Seven  cords  of  wood,  one-third  of  which  is  chestnut,  and  the  rest 
oak,  is  used  in  twenty-four  hours. 

The  refinino;  furnace  was  in  such  bad  order  that  the  results  varied 
very  much.  The  copper  is  consequently  not  of  even,  though  always 
of  high  quality,  and,  as  will  be  seen  by  the  analysis  of  the  ingot 
copper  given  below,  the  copper  is  often  purer  at  the  last  stages  of 
poling  than  in  the  ingot.  That  the  ingots  vary  in  the  amount  of  oxide 
thev  contain  could  be  seen  by  the  eye,  but  this  was  owing  to  the 
accidentally  bad  condition  of  the  refining  furnace. 

The  operation  of  casting  or  ladling  is  very  difficult,  and  can  only 
be.  well  done  under  the  very  best  conditions.  As  the  appearance  of  the 
ingot — the  heat  being  uniform,  and  the  copper  being  good,  to  com- 
mence with — depends  on  the  way  it  is  ladled,  pains  should  be  taken 
not  only  to  drill  men  for  the  purpose,  but  so  far  as  possible  to  keep 
the  same  men  at  the  works.  An  inexperienced  man  will  splash  the 
copper,  which  produces  inequalities  of  color  on  the  ingot  and  bubble- 
holes.  The  casting  should  be  made  by  pouring  quietly,  so  as  to  pro- 
duce the  least  possible  motion  in  the  metal,  and  this  should  continue 
until  the  last  drop  is  out  of  the  ladle.  Many  of  the  dippers  scatter 
the  last  part  of  the  copper,  so  that  it  often  spatters  as  a  rain  into  the 
next  moulds. 
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COST    OF    REFINING    PIG    COPPER, 

Produced  from  Matte  Furnace,  in,  Charges  of  10,000  Pounds,  yielding  80  per  cent. 

Fine  Copper. 


Two  furnace  keepers,  at  $1.25,  ..... 
Carting,  charging,  and  packing,  five  men,  at  75  cents, 
Fuel  used,  eight  cords  of  wood,  at  $1.70  per  cord,-  . 
Fuel  used,  thirty-three  bushels  charcoal, f 
Sand  and  poles,  ........ 


Cost  of  labor  and  fuel,  each  charge  producing  8000  pounds  of 
fine  copper,      .......... 

Cost  per  pound  for  refining,        ....... 


$2  50 

3  75 

13  60 

25 


10 
25 


OTHER    DAILY    EXPENSES. 


One  superintendent,    . 

One  watchman  and  night-boss,  . 

One  blacksmith. 

Four  engineers,  at  $1.10,  each,  . 

One  weighman,  .         .         .         . 

One  charcoal  receiver. 

Two  dump  men,  at  75  cents. 

One  stamp  man,  .         .         .         . 

One  carpenter,    .... 


Average  amount  smelted  daily, 
Cost  per  ton  for  labor,  as  above, 


$3 

33 

1 

25 

1 

00 

4 

40 

75 

1 

54 

1 

50 

75 

1 

00 

$15 

52 

50  tons. 

31  cents. 

The  cost  for  soapstone,  fire-brick,  materials,  tools,  clay,  etc.,  during 
fifteen  months  was  $6001.03,  or  an  average  cost  of  33|  cents  per  ton. 


SUMMARY,    COST    OF    SMELTING    PER   TON. 

Roasting  the  ore,  labor  and  fuel,  ...... 

Smelling  roasted  ore,  labor  and  fuel,  ..... 

Roasting  single  and  double  mattes,  labor  and  fuel,    . 
Smelting  roasted  mattes,  fuel  and  labor,     ..... 

Refining  pig  copper:    as  each  ton  of  the  ore  yielded  105  pounds  fine 
copper,  the  cost  per  ton  of  ore  would  be,         .... 

Superintendence  and  other  expenses,  as  itemized,  per  ton, 
Repaii's  and  materials,  tools,  etc.,        ...... 


0  is.Vff 

3  32 

1  00 
3  24 

2^ 

31 

33i 


*  Wood  costs  here  $1.85  for  all  selected  oak,  $1.65  for  mixed  wood,  and  $1.50 
for  soft  wood,  per  cord,  and  has  been  averaged  at  $1.70 

f  The  charge  for  charcoal  used  in  refining  was  included  in  the  average  taken 
of  the  coal  used  per  ton  of  ore  smelted,  and  has  been  charged  once  against  the 
ore. 
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In  order  to  see  exactly  how  the  copper  compares  with  other  cop- 
pers, ingots  from  Laive  Superior  and  Baltimore  were  analyzed  and 
tested. 

The  analyses  are  given  below. 


I\letallic  copper, 

Oxygen,      . 

Sulphur, 

Silver, 

Lead, . 

Arsenic, 

Antimony, 


Silver,  in  ounces,  to  ton  of  2000  pounds, 


Ore  Knob.  Lake  Superior.  Baltimore. 


99.80 

99  830 

99.650 

0.39 

0.150 

none. 

none. 

none. 

none. 

0.05 

0.02fi 

0.006 

0  01 

0.016 

0.044 

none. 

none. 

0.088 

none. 

nt)ne. 

0.035 

100.25 

100.022 

99.893 

11.6 

73 

19.75 

It  thus  appears  that  the  amount  of  oxide  of  copper  in  the  first 
casting  sample  was  0  24  per  cent. ;  in  the  second,  0.26  per  cent. ; 
and  in  the  ingot  analyzed,  0.39  per  cent.  ;  amounts  which,  although 
very  small,  are  sufficient  to  make  considerable  difference  in  its  value 
in  the  arts.  The  reputation  of  Lake  copper  is  chiefly  owing  to  the 
very  small  quantity  of  oxide  of  copper  which  it  contains.  The 
amount  of  silver  is  small,  and  though  higher  than  in  the  Lake 
copper,  is  much  lower  than  in  other  commercial  coppers  that  I  have 
examined. 

The  tensile  strength  of  the  Ore  Knob  copper  was  found  to  be  30,660 
pounds,  and  that  of  Lake  copper  30,790  pounds  to  the  square 
inch.    The  difference  is  altogether  insignificant. 

The  store  yielded  a  profit  of  $34,684.60  during  the  fifteen  months 
ending  April  1st,  1880,  which,  on  a  product  of  17,920  tons  of  ore 
treated,  reduced  the  cost  of  the  ore  to  $1.93 J  per  ton. 

The  cost  of  producing  the  copper,  independent  of  the  store  profits, 
is  very  low,  and  this  is  owing  both  to  the  extreme  purity  of  the  ore 
and  the  very  low  price  of  labor  and  materials. 


Ore  mined,  from  January  1st,  1879,  to  April  1st,  1880,     .         .      21,223  tons. 
Ore  smelted,  from  January  1st,  1879,  to  April  1st,  1880,  .         .       17,920     " 

Fine  copper  produced, 1,640,750  pounds. 

Copper  matte      " .     244,325        " 


Gross  yield, 


.  1,885,075 
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Tine  copper  per  ton  of  ore  treated,  105^'^  pounds. 
Administration,  .....-• 

Dressing,    .......•• 

Furnace  labor,   .....-•• 

Outside  work, — engineers,  machinists,  and  blacksmiths. 
Underground  labor,   ....... 

Copper  supplies,  .         .         .         .         .         -         • 

Provender,  ........ 

Transportation, 

Miscellaneous,    ,....••• 


$303  33 

725  70 

1828  70 

.568  21 

1C31  53 

45  58 

646  75 

^71  00 

91  92 


Trial  balance  in  1880,  on  a  run  of  fifteen  months,  to  April  1st, 
1880; 

Production, $202,653  51 

Construction 2,601  09 

General  expenses, 4,703  04 


Total $209,957  64 

Cost  of  copper  per   pound,   from    January,    1879,  to 

April,  1880, ^^  cts.* 

Profit  of  store,  from  January,  1879,  to  April,  1880,  .  $34,684  60 

Amount  of  copper  shipped, 1,640,750  lbs. 

Cost  of  copper  per  pound,  less  store  profit*,          .         .  ^^jwo  ^^s. 

Total  copper  shipped,  .         .    / 1,609,237  lbs. 


TOTAL    COST. 


DEBIT. 

Construction  and  supplies. 

Copper  works, . 

Labor  account, 

Mine  supplies,  . 

Provender, 

Wood,       .' 

Expense  account, 

Transportation, 

Total 


$122 

83 

66,443 

65 

99,632 

47 

3,499 

24 

5,468 

36 

11,494  71 

47,703 

04 

19,799  24 

$254,163 

54 

Store  accounts. 
Real  estate. 
Live  stock, 
Balance, 


Total, 


$79,264  48 

50  00 

371  00 

174,478  06 


$254,163  54 


In  conclusion,  I  beg  to  express  my  thanks  to  Mr.  J.  E.  Clayton,  the 
general  manager  of  the  works,  who  gave  me  every  facility  to  collect 
information,  and  prepared  himself  a  number  of  the  tables  of  cost; 
and  to  Captain  John  Dent,  the  superintendent  of  the  smelting  works, 
for  information  given  to  me  at  the  works  and  since  my  return. 


*  Including  all  charges,  freight,  etc. 
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Discussion. 

In  answer  to  questions  Professor  Egleston  replied  as  follows : 

With  regard  to  the  treatment  of  the  iron  containing  copper,  the 
temperature  required  for  the  purpose  is  so  high  that  the  men  would 
hardly  be  able  to  endure  it  in  any  other  season  than  in  the  coldest 
winter  weather. 

As  to  the  presence  of  gold  in  the  copper  ores  of  the  South  I 
should  not  like  to  state  it  as  a  rule  applicable  in  every  case,  but  in 
the  instances  which  have  come  under  my  observation  the  free  mill- 
ing gold  ores  of  the  surface  have  turned  into  good  smelting  copper 
ores  containing  gold,  when  they  have  reached  water.  There  has 
always  been  a  theory  which  has  been  too  generally  believed,  that 
the  gold  ores  of  the  South  all  give  out  in  depth.  It  is  certainly 
true  that  they  do  give  out  as  free  milling  ores,  but  I  am  inclined  to 
believe  that  they  will  make  good  smelting  ores  below. 

The  copper  ores  have  not  been  treated  in  the  wet  way  of  late,  be- 
cause there  is  too  much  lime  in  them.  As  a  general  rule  the  ques- 
tion whether  an  ore  can  or  cannot  be  treated  comes  eventually  to 
a  question  of  transportation.  Even  with  bad  roads  or  high  freights 
a  rich  ore  can  be  treated  by  any  process,  while  a  poor  ore  can  only  be 
reated  by  a  wet  process  under  the  most  favorable  conditions,  when 
no  portion  of  anything  but  the  available  material  (which,  in  this  case, 
would  be  copper)  is  attacked  by  the  reagents. 

Sulphuric  acid  has  not  been  made  in  these  works  because  the 
gangue  of  the  ore  is  pyrrhotite  and  contains  too  little  sulphur,  and 
there  is  no  market  for  the  material  that  would  be  manufactured  as 
a  by-product.  A  large  district  around  the  wf)rks  is  a  desert,  for  it 
is  impossible  to  make  anything  grow  on  account  of  the  destruc- 
tive influence  of  the  sulphur  in  the  smoke.  Sooner  or  later  this  will 
have  to  be  condensed,  and  the  weak  and  mother  liquors  of  the  acid 
which  will  be  made,  can  be  used  on  the  poor  ores,  of  which  there 
are  from  twenty  to  thirty  thousand  tons  lying  broken  on  the  sur- 
face, and  a  very  large  amount  in  the  mine.  This,  however,  would 
involve  a  market  for  the  sulphuric  acid,  which  is  out  of  the  question 
at  the  present  time.  The  question  is  an  important  one,  however, 
for  the  near  future,  as  the  absence  of  arsenic  and  antimony  in  the 
ore  would  make  the  acid  salable,  if  there  was  only  sufficient  enter- 
prise to  get  the  transportation,  or  to  manufacture  some  marketable 
product  which  would  bear  the-  present  or  future  high  rates.  With 
chalcopyrite  and  pyrites  for  a  gangue,  either  the  one  or  the  other 
being  in  large  quantity,  the  acid  could  be  made ;  but  the  copper  in 
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THE  ELECTROLYTIC  DETERMINATION  OF  COPPER,  ETC.   5/ 

tlie  residues  from  the  roasting  for  acid  should  pay  for  its  own  smelting. 
In  some  of  the  southern  counties  of  Virginia  the  proprietors  of  some 
of  the  mines  are  now  contemplating  the  erection  of  large  works  for 
the  manufacture  of  sulphuric  acid  and  other  chemicals.  The  whole 
question,  however,  is  still  being  studied,  and  it  is  a  little  doubtful 
whether,  even  at  the  low  rates  at  wdiich  the  pyrrhotite  can  be  mined, 
it  can  successfully  compete  with  the  imported  sulphur. 

The  main  difficulty  in  the  South  is  the  transportation.  Many  of 
the  railroads  have  what  may  be  justly  called  the  modern  craze  of 
through  freights,  and  do  not  stimulate  or  encourage  their  local 
traffic.  If  it  were  commercially  possible  to  have  chemical  works  in 
the  vicinity  of  the  ores,  the  proprietors  of  the  copper  works  could 
well  afford  to  pay  a  very  considerable  percentage  more  for  the  roasted 
copper  ores  than  for  the  unroasted  ones,  and  would  be  only  too  glad 
to  pay  the  chemical  manufacturers  a  large  profit  for  taking  the  sul- 
phur out.  This  establishment  of  chemical  works  would  solve  in 
certain  districts,  not  only  of  Virginia,  but  of  other  Southern  States, 
the  question  of  the  treatment  of  the  poor  copper  ores  which  now  lie 
idle.  They  cannot  be  concentrated  because  the  difference  in  density 
between  the  pyrrhotite  and  the  chalcopyrite  is  so  small  that  nothing 
would  result  from  this  treatment.  The  time  must  shortly  come 
when  wet  processes  must  receive  more  careful  attention  in  the  East. 
There  is,  however,  a  fear  that  they  may  receive  less,  owing  to  the 
very  large  amount  of  copper  ores  which  are  now  being  found  in  the 
western  parts  of  the  country. 


THE  ELECTROLYTIC  DETERMINATION  OF  COPPER,  AND 

THE  FORMATION  AND  COMPOSITION  OF  SO-CALLED 

ALL 0 TROPIC  COPPER. 

BY  J.  B.  MACKINTOSH,  HOBOKEN,  N.  J. 

The  quantitative  determination  of  cojipcr,  by  means  of  electro- 
deposition,  offers  so  many  advantages,  that  it  is  to  be  preferred,  when 
properly  executed,  to  all  other  methods  for  case  and  accuracy.  'The 
object  of  the  present  paper  is  to  give  the  results  of  a  number  of  ex- 
periments made  during  the  past  few  months,  and  to  indicate  some 
sources  of  error,  which  must  be  avoided  in  order  to  attain  the  neces- 
sary accuracy. 

In  1867,  C  Luckow,  in  convpctition  for  a  prize  offered  by  tiie 
directors  of  the  Mansfield  Copper  Works,  submitted  the  following 
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process  for  the  estimation  of  copper,  and  received,  not  indeed  the 
prize,  but  an  honorable  mention  for  the  simplicity,  cheapness,  and 
elegance  of  his  process.  Pie  directs  that  the  copper  and  the  accom- 
jianying  metals  be  obtained  in  the  form  of  nitrates  in  solution  in 
dilute  nitric  acid  containing  not  more  than  0.100  gram  of  the  pure 
acid  in  each  cubic  centimeter;  to  this  solution  is  added  a  few  drops 
of  a  solution  of  an  organic  acid,  such  as  tartaric  or  oxalic,  and  the 
copper  is  then  precipitated  on  platinum  in  the  usual  manner.  It  is 
claimed  that  the  copper  is  obtained  in  beautiful  reguline  form,  while 
zinc,  iron,  and  nickel  are  not  precipitated  at  all. 

In  adapting  this  method  to  the  analysis  of  copper  alloys,  I  dis- 
solved the  alloy  in  nitric  acid,  evaporated  the  solution  to  dryness 
to  get  rid  of  the  excess  of  acid,  dissolved  the  residue  in  water  with 
the  addition  of  a  few  drops  of  nitric  acid,  to  dissolve  the  basic  nitrate 
of  copper  formed,  and  to  this  solution  added  four  or  five  drops  of  a 
concentrated  solution  of  citric  acid.  This  solution  was  then  precipi- 
tated in  a  platinum  dish  with  a  current  from  two  Bunsen  cells  of 
about  one  quart  capacity.  In  precipitating  several  samples  at  once, 
I  have  it  arranged  so  that  the  whole  current  traverses  the  row  of 
dishes,  the  negative  pole  of  each  set  being  connected  with  the  posi- 
tive pole  of  the  next  succeeding  one.  In  this  case  if  w  be  the  num- 
ber of  dishes,  then  n-f-1  is  the  number  of  battery-cells  of  that  size 
used. 

Some  of  the  results  obtained  by  this  method,  and  on  duplicate 
portions  by  precipitation  from  sulphuric  acid  solution,  are  as  follows  : 

Sulphuric  Acid.    Xitric+Citric  Acid.      Error. 

1  gram  pig  copper 98.00                   99.42  +1.42 

"                   "             99  80  101. -22  +1.42 

"                  "            93.92  100.41  +1.49 

"            98.72  100.27  +1.55 

"                  "            99.60  100.45  +0.85 

1  gram  bra.?s, 65  83                   66  93  +1.10 

"          "          65.83                  66.58  +0  75 

In  only  one  case  was  a  smaller  percentage  obtained  by  the  use  of 
this  method,  and  in  that  case  the  precipitation  of  the  copper  was  not 
cora^ilete.  In  many  cases,  also,  in  which  the  amount  of  error  was 
less  than  one  per  cent.,  small  quantities  of  copper  escaped  precipita- 
tion and  were  afterwards  found  in  the  solution. 

The  metallic  precipitate  thus  produced  is  of  a  much  lighter  color 
than  ordinary  copper  from  the  electrolysis  of  the  sulphate  solution, 
but  it  is,  as  Luckow  says,  deposited  in  beautiful  reguline  form, 
which,  however,  hardly  compensates  for  the  error  of  perhaps  one 
per  cent,  or  more,  which  we  see  is,  as  a  general  rule,  the  case. 
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Moreover,  if  tlie  current  is  strong,  after  all  the  copper  has  been 
thrown  rlosvn,  zinc  will  be  deposited  on  the  surface  of  the  copper,  as 
a  dark  coating,  which  may  be  recognized  as  such  by  dissolving  in 
dilute  sulphuric  acid  and  applying  appropriate  tests. 

In  the  presence  of  the  organic  acid  the  formation  of  peroxide  of 
lead  on  the  positive  pole  is  hindered,  and  in  its  absence  it  is  very 
difficult  to  precipitate  the  whole  of  the  copper  from  the  solution. 

In  order  to  obtain  sufficient  material  for  analysis,  to  ascertain  the 
cause  of  the  excess  in  weight,  the  precipitation  of  the  copper  was 
made  on  a  piece  of  ])latinum  foil.  On  attempting  to  strip  the  de- 
posit from  the  foil,  I  found  that  it  was  extremely  brittle,  and  scaled 
off  easily;  so  brittle,  indeed,  that  it  could  be  reduced  to  an  impal- 
pal)le  powder  in  an  agate  mortar  with  very  little  trouble.  This 
agrees  exactly  with  the  description  of  the  allotropic  copper  of  M. 
P.  Schutzenberger,  which  was  published  in  Comptes  Rendus,  Vol. 
86,  part  2.  M.  Schutzenberger  obtained  the  material  he  describes 
by  the  electrolysis  of  a  ten  per  cent,  solution  of  the  neutral  acetate 
of  copper.  He  found  that  the  product  contained  from  five  to  ten 
percent,  of  suboxide  of  copper.  In  the  material  which  I  prepared 
from  the  nitric  and  citric  acid  solution,  I  did  not  find  any  suboxide 
of  copper ;  on  the  other  hand,  both  carbon  and  hydrogen  have  been 
detected  and  estimated.  These  latter  were  determined  by  combu.s- 
tion  of  the  finely  divided  sample  in  oxygen ;  the  method  used  to 
estimate  the  suboxide  of  copper  was  that  of  Harape.*  However, 
oxygen  is  present,  though  as  this  test  shows,  not  as  cuprous  oxide. 

The  results  of  the  analyses  of  several  samples,  prepared  at  different 
times,  are  given  below.  The  determinations  were  all  made  on  the 
amount  of  one  gram  : 


a 

b 

c              d 

e 

f 

g 

h 

Carbonic  acid 

.0273 

.0316 

.0350 
.00954 

.0344 

.0322 

.0324 

.0346 

.0283 

Equivalent  to  carbon 

.00744 

.00862 

.00938 

.0088 

.0054 

.0088 

.0094 

.0074 

.00771 

.0054 

Water ; 

.OOSM 

.0108 

.0089 

.0094 

.0015 

Equivalent  to  hydrogen... 

.00104 

.00120 

.00100 

.00104 

.0006 

.0005 

.00082 

.0006 

Ratio  of  carbon  to  hydrogen 

7.15 

7.18 

9.54 

9.0 

14.6 

17.6 

11.46 

12.42 

Copper 

Total 

.0683 
.07884 

.9687 

.97912 

*  Zeitschrift  fiir  Anulytischo  Cliemiu,  1878,  p    127. 
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The  results  which  are  bracketed  are  from  duplicate  analyses.  These 
samples  were  all  prepared  from  the  nitric  and  citric  acid  solution,     a, 

b,  and  c  c^  were  prepared  simultaneously,  the  solution  of  6  containing 
a  little  more  citric  acid  than  that  of  a,  and  c  d  more  than  either.  The 
samples  e,  f,  g,  and  h  were  heated  to  about  100°  C.  for  fifteen  minutes 
before  being  introduced  into  the  combustion-tube,  and  the  samples 

c,  d,  e,  and  /  were  the  same.  The  results  given  under  h  are  low, 
probablv  due  to  imperfect  oxidation. 

It  will  be  seen  that  there  is  a  deficiency  of  .02116  and  .02088 
respectively  in  the  total  of  the  duplicate  analyses  c  and  d.  The  pre- 
caution was  taken  in  one  case,  of  passing  the  products  of  the  com- 
bustion over  a  red-hot  layer  of  oxide  of  copper,  to  make  sure  that 
no  hydrocarbon  was  distilled  out  by  the  gradually  increasing  heat 
and  so  escaped  oxidation.  The  results  in  this  case,  however,  differed 
in  no  material  manner  from  those  already  obtained.  We  conclude 
therefore,  that  this  deficiency  must  consist  either  of  oxygen  or 
nitrogen,  or  of  a  mixture  of  both.  I  have  already  mentioned  that 
there  is  no  oxygen  in  the  form  of  cuprous  oxide  present,  so  that  it 
must,  if  present,  be  combined  in  some  other  form.  The  following 
synthetical  experiments  seemed  to  indicate  that  nitrogen  was  also 
an  essential  constituent. 

These  experiments  were  conducted  as  follows:  Solutions  were  pre- 
pared of  nitrate  and  of  sulphate  of  copper;  to  these  solutions  were 
added  respectively,  citric  acid,  tartaric  acid,  and  alcohol.  All 
three  of  the  solutions  of  the  nitrate  furnished  the  brittle  deposit, 
while  all  three  of  the  sulphate  solutions  gave  a  tough  deposit  of  ap- 
parently ordinary  electrotype  copper.  The  amount  of  copper  was 
determined  in  l.OOOSgrarasof  the  precipitate  from  the  sulphate  solu- 
tion containing  acohol,  and  found  to  be  0.9991.  This  difference  is 
probably  due  to  impurities  in  the  copper,  which  was  prepared  in  the 
first  place  from  the  commercial  sulphate,  which  contained  lead  and 
other  impurities. 

During  the  electrolysis  of  the  nitrate  solutions  containing  citric 
acid,  a  very  strong  odor  of  hydrocyanic  acid  was  perceptible. 

If  an  insufficient  amount  of  organic  matter  be  added,  the  precipi- 
tated copper  obtained  is  not  brittle,  but  it  nevertheless  contains 
carbon  and  hydrogen  and  gives  a  total  result  less  than  100  per  cent, 
This  is  due  to  admixture  of  ordinary  copper.  It  is  not  possible  to 
divide  such  a  precipitate  sufficiently  finely  to  insure  perfect  oxidation. 

The  amount  of  nitrogen  present  in  the  nitric-citric  precipitated 
copper,  was  determined  by  heating  the  finely  pulverized  sample  in  a 
vacuum  and  collecting  the  gases  evolved.     The  products  thus  ob- 
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tained  were  hydrogen,  carbonic  acid,  and  nitrogen.  When  heated 
in  an  atmosphere  of  oxygen,  insufficient  to  completely  oxidize  the 
copper,  the  products  were  water,  carbonic  acid,  and  nitrogen.  Al- 
though in  this  case  it  was  probable  that  an  excess  of  oxygen  would 
be  present,  yet  the  analytical  results  showed  the  absence  of  that  gas 
in  any  appreciable  quantity. 

The  volumes  given  are  those  of  the  dry  gas  atO°  C.  and  760  mm. 

1  gram  heated  in  Vacuo.  Vi  gram  in  Oxygen.  1.15  gram  in  Oxygen. 

Gas  ubtained,  9  9o  c.c.  8.23  c  e.  17.52  c.c. 

COj  absorbed  by  KOH,      4  72     "  7.85    "  15.70    " 

GiisnotCO^,                          5.23  "  0.88     "                                1.82    " 

Oxj'gen  added,                       7.77  "  These  residues  treated  with  moist  phos- 

phorus  to  absorb  oxygen,  and  then  with 

13.00  "  KOH,  did   not  change,   proving  the  ab- 

Volume  after  explosion,      7.44  "  sence  of  oxygen. 

The  circumstances  of  formation   were 

Loss— Water,                         5.oG  "  such  as  to  preclude  the  existence  of  hy- 

No  CO.^  formed  :  flj/rf/'o^rew,  3.71  "  drogen,  therefore  these  residues  must  be 

Kesidue:  Nitrogen,               1.52  "  nitrogen. 

The  percentage  results  in  the  foregoing  three  cases  are  respectively 
for  nitrogen  :  0.191,  0.221,  0.199  ;  and  in  the  two  last  for  carbon  : 

C 

0.792,    0.736  :  the   ratio  of  ^  being  3.6  and  3.7. 

One  sample  of  the  product,  made  with  tartaric  acid,  weighing  two 
grams,  was  also  analyzed  for  nitrogen,  and  one  cubic  centimeter  of  dry 
nitrogen  at  0°  C.  and  760  mm.  obtained.  It  is  difficult  when  work- 
ing on  such  small  quantities  of  gas,  to  obtain  very  accurate  results. 

Some  of  the  aliotropic  copper  prepared  from  the  chemically  pure 
acetate,  according  to  M.  Schutzenberger's  directions,  and  which  there- 
fore could  not  contain  nitrogen,  and  also  some  prepared  from  an  ace- 
tate of  copper  containing  nitrate  of  soda,  were  compared  and  analyzed. 
The  material  thus  obtained  was  apparently  the  same  in  both  cases, 
and  differed  considerably  in  some  of  its  properties  from  the  nitric- 
citric  acid  solution  precij)itate.  In  appearance,  brittlene.ss,  and 
composition  there  was  no  essential  difference,  but  it  was  very  un- 
stable and  liable  to  oxidize,  in  fact,  it  was  not  possible  to  preserve 
it  of  constant  com[)osition  in  the  air,  while  the  nitric-citric  precipi- 
tate can  be  preserved  indefinitely  without  change. 

Two  samples  of  1.0014  and  1.0004  grams  respectively  were 
weighed  out.  The  first  was  heated  for  about  fifteen  minutes  to  100" 
C.  in  an  air-bath;  on  cooling  and  weighing  it  had  gained  0.0215 
gram.  The  second  sample  was  exposed  to  the  air  at  the  ordinary 
temperature  for  two  hours  and  three-quarters,  at  the  end  of  that 
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time  it  had  gained  0.0225  gram  ;  it  was  then  heated  to  100°  C.  for 
fifteen  minutes,  when  it  lost  0.0020  gram,  giving  a  net  gain  of 
0.0205  gram. 

The  amounts  of  carbon  and  hydrogen  were  determined  in  the  sec- 
ond sample  of  the  material  from  the  acetate  solution  containing 
nitrate  of  soda,  and  in  two  samples  from  the  chemically  pure  ace- 
tate preparation. 

Cu  (CoH30j)2  Cu  (C2H3O2), 

+Xa  NO,  , ■ , 

Araoiint  taken, 1.004  gram.*  1  gram.  1  gram. 

COjj  found 0145  .0175  .0154 

Equivalent  to  C, 00395  .00477  .0042 

BjO  found 0081  .0092  .(1081 

Equivalent  to  H, 0009  .001ii2  .0009 

Eatio,  C:H, 4.4  4.676  4.666 

The  cause  of  the  rapid  oxidation  of  these  samples  seems  to  be  that 
the  deposit  is  very  porous,  while  that  from  nitric  solutions  is  very 
dense. 

M.  Schutzenberger  mentions  that  he  had  at  one  time  a  con.sider- 
able  quantity  of  this  allotropic  copper  (sic)  reduced  to  powder  and 
dried  in  a  vacuum,  which  at  the  moment  when  air  was  admitted  to 
it,  was  transformed  to  ordinary  copper,  attended  by  a  considerable 
evolution  of  heat.  The  amount  of  oxygen  he  found  was  not  altered 
by  this  occurrence. 

To  account  for  this  phenomenon  he  frames  the  theory  that  the 
allotropic  copper  corresponds  to  cuprous  copper,  and  that  the  mole- 
cular change  to  cupric  copper  is  accompanied  by  the  development 
of  heat.  But  we  can  easily  see  how  liable  to  spontaneous  oxidation 
a  large  quantity  of  such  finely  divided  material  would  be,  when  it 
contains  both  carbon  and  hydrogen  in  a  weak  state  of  combination, 
and  it  is  unnecessary  to  suppose  the  existence  of  another  form  of 
metallic  copper  to  account  for  the  phenomena  noticed. 

The  practical  conclusions  to  be  drawn  from  these  results  are,  that 
some  organic  matters,  and  in  all  probability  all,  in  the  presence  of 
nitric  acid  in  the  copper  solution  undergoing  electrolysis,  cau.se  erro- 
neous results;  that  from  a  nitric  acid  solution,  with  no  organic  mat- 
ter, it  is  extremely  difficult  to  separate  all  the  copper;  and  that  the 
old  method  of  electrolysis  from  the  sulphate  is  the  best. 

Discussion. 
Dr.  Egleston,  New  York :  The  paper  which  I  have  just  read  is 
one  of  great  interest.     It  represents  the  work  of  my  assistant,  who 

*  Oxidized  by  exposure  to  air  and  heating  in  air-bath  before  combustion. 
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is  a  man  of  great  skill  in  this  particular  line  of  his  profession,  for 
nearly  a  year  in  my  laboratory.  There  will  certainly  be  in  this 
connection  two  subjects  which  must  come  up  for  discussion  in  the 
Institute  before  a  great  while,  and  these  are  "  what  is  copper?"  and 
"what  copper  is,"  and  which  will  have,  in  a  commercial  point  of 
view,  as  great  or  even  greater  interest  than  the  similar  discussion 
Avhich  took  place  a  few  years  ago  about  steel.  What  is  sold  in 
the  market  as  copper  may  contain  anywhere  from  one-tenth  to 
one  per  cent,  of  foreign  material.  Out  of  a  very  large  number  of 
analyses  of  the  ordinary  commercial  coppers,  the  best  sample  that 
we  were  able  to  get  contained  only  99.91  per  cent,  of  copper.  This 
is  much  more  important  than  it  would  at  first  sight  apj)ear  to  be, 
because  there  is  a  direct  relation  between  the  purity  of  the  copper 
and  its  electrical  conductivity.  The  presence  of  so  small  a  quantity 
as  nine-hundredths  of  a  })er  cent,  of  foreign  matter  may  be  sufficient  to 
take  away  more  than  ten  per  cent,  of  the  conducting  power  of  the 
material.  The  manufacture  of  pure  copper  for  the  application  of 
electricity  to  the  industrial  arts,  which  will  in  a  few  years  be  one  of 
the  greatest  commercial  questions  to  be  solved,  is  therefore  much 
more  important  than  is  generally  supposed.  This  is  not  only  true 
of  copper,  but  of  its  alloys.  Certain  alloys  made  from  metals  of  high 
quality  have  become  of  great  commercial  importance  within  a  few 
years;  but  great  difficulty  has  been  experienced  in  manufacturing 
them,  for  while  some  of  the  alloys  do  not  stand  the  test  and  are 
therefore  rejected  at  once,  others  will  stand  it  for  a  few  weeks  or 
months,  and  will  then  become  brittle  and  worthless.  I  hope,  there- 
fore, that  this  matter  will  receive  from  the  chemists  of  the  country 
the  careful  attention  which  it  deserves. 

The  paper  of  Mr.  Mackintosh  is  the  result  of  analyses  of  over 
seventy  samples  of  copper  and  brass  from  different  parts  of  this 
country  in  all  stages  of  their  manufacture.  There  are  many  samples 
of  copper  in  which  less  than  one-half  of  one  per  cent,  of  foreign 
material  has  made  the  copper  perfectly  worthless  for  certain  large 
industrial  applications,  and  it  requires  but  an  extremely  small 
amount  to  render  it  worthless  for  processes  of  conductivity.  A 
change  takes  place  in  the  alloys  of  copper  which  is  partly  physical 
and  partly  chemical,  which  may  render  the  alloy  useless  after  a  cer- 
tain time,  although  it  may  satisfactorily  undergo  all  the  tests  imme- 
diately after  its  manufacture.  In  view  of  the  very  small  quantities 
of  foreign  matter  which  make  the  changes  in  copper,  the  question 
which  Mr.  Mackintosh  has  brought  before  the  Institute  is  one  of 
very  great  importance. 
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Whatever  may  be  the  method  which  is  used  for  analyzing  copper, 
there  is  one  tiling  which  must  be  very  carefully  taken  into  account, 
and  that  is  the  influence  of  organic  matter  in  solution.  It  makes  no 
difference  what  the  method  is,  if  organic  matter  of  any  kind  gets  into 
the  solution  the  analysis  of  tiie  copper  will  be  likely  to  be  incorrect. 

I  have  seen  very  large  works  make  the  determination  of  copper 
in  porcelain  vessels  wiih  platinum  strips.  We  have  found  that 
under  such  circumstances  it  is  impossible  to  get  accurate  results, 
for  if  even  very  small  quantities  of  copper  become  detached  from 
the  strips  and  fall  upon  the  porcelain  the  copper  is  in  danger 
of  oxidation.  Mr.  Mackintosh  has  devised  a  very  ingenious 
arrangement  of  copper  wires  switching  into  mercury,  by  which 
the  whole  current  of  the  battery  passes  under  a  number  of 
dishes,  equally  divided  amongst  them  all,  and  if  there  is  any 
necessity  for  so  doing,  he  can  switch  out  one  or  two  vessels  and 
pass  the  current  through  the  remainder.  This  system  has  been  in 
use  in  my  laboratory  for  over  two  years,  and  has  worked  most 
satisfactorily;  it  is  so  arranged  that  each  platinum  dish  rests  upon 
a  metallic  support,  which  passes  underneath  the  vessels,  and  is  con- 
nected with  the  battery  by  means  of  thumb-screws  and  wires. 

Extremely  minute  amounts  of  cobalt,  nickel,  oxide  of  copper, 
and  zinc  will  reduce  the  conductivity  of  the  copper  wire  very 
largely.  In  fact,  almost  everything  except  silver  which  may  be 
contained  in  the  copper  will  reduce  it.  In  the  case  of  iron  I  had 
occasion  recently  to  ascertain  that  oxide  of  iron,  which  is  generally 
neglected  in  the  analysis  of  iron  wires  used  for  electrical  purposes, 
is  one  of  the  most  deleterious  materials  ever  found  in  it. 

The  experiments  which  I  have  been  making  during  the  last  year 
have  been  on  wires  having  different  mechanical  and  chemical  com- 
position ;  and  in  order  to  be  certain  of  the  results,  we  have  gone 
so  far  as  to  solder  wires  together,  some  of  which  were  afterwards 
drawn  down,  and  others  tested  without  being  drawn,  but  no  appre- 
ciable difference  was  found.  Oxide  of  iron  is  certainly  not  evenly 
distributed  throughout  the  mass,  and  causes  the  fibres  to  separate 
in  such  a  way,  both  in  the  interior  and  the  exterior  of  the  rod,  that 
this  want  of  homogeneity  may  possibly  have  as  direct  an  influence 
as  that  of  the  presence  of  an  alloyed  impurity.  There  is  no  doubt 
whatever  about  the  effect  of  cobalt,  nickel,  and  zinc.  A  series  of 
experiments  were  made  by  the  first  cable  company  as  to  their  effect, 
which  have  been  fully  confirmed  by  my  analyses  and  experiments 
during  the  last  year.     The  presence  of  silver  would  have  the  effect 
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of  raising  the  conductivity  even  in  the  presence  of  nickel  and  cobalt, 
since  its  conducting  power  is  much  higher  than  that  of  copper. 

S.  P.  Sharples,  Boston:  If  there  is  any  one  metal  which  has  in- 
terested me  more  than  another  during  the  last  fifteen  years  that  metal 
has  been  copper.  While  I  was  a  student  in  the  Lawrence  Scientific 
School  under  Dr.  Wolcott  Gibbs,  during  the  winter  of  J 866-7,  he 
called  my  attention  to  some  analyses  that  were  made  by  Mr.  E.  V. 
McCandless,  in  the  laboratory  of  the  school.  These  analyses  were 
published  in  the  Americayi  Journal  of  Science  and  Arts,  Janu- 
ary, 1865,  the  paper  bearing  date,  October  1st,  1864.  He  found  that 
he  could  completely  precipitate  co|)per  from  a  sulphuric  acid  solu- 
tion, using  a  platinum  plate  for  the  positive  and  a  platinum  dish  for 
the  negative  electrode.  The  copper  after  precipitation  was  carefully 
washed  with  distilled  water  and  dried  in  vacuo  over  sulphuric  acid. 

Dr.  Gibbs  suggested  that  I  should  take  some  pure  copper  and  dis- 
solve it  in  sulphuric  acid  with  the  addition  of  some  nitric  acid,  and 
then  evaj)orate  to  dryness  over  a  lamp  so  as  to  expel  the  nitric  acid 
and  the  excess  of  sulphuric  acid,  and  then  precipitate  and  weigh. 
After  weighing  the  copper  was  again  dissolved  in  the  same  dish  and 
again  evaporated  to  drive  off*  excess  of  acid,  dissolved  in  water,  pre- 
cipitated again  and  weighed.  This  operation  was  repeated  several 
times  with  closely  agreeing  results,  thus  confirming  Mr.  McCandless's 
work.  The  paper  by  Dr.  Gibbs  was  published  in  German  in  Fre- 
senius  Zeitschrift  fur  Analytische  Chemie,  Vol.  3,  1864.  In  Volume 
8  of  the  same  journal  is  a  long  paper  by  C.  Luckow,  in  which  he 
says  he  had  first  described  this  method  in  Dingler's  Journal  in  1866, 
or  a  year  after  it  was  described  by  Dr.  Gibbs.  I  have  been  partic- 
ular in  regard  to  dates,  because  this  method,  or  some  trifling  modifi- 
cation of  it,  is  republished  every  few  years  as  something  new. 

I  have  made  many  hundreds  of  determinations  of  copper  by  this 
method  with  uniformly  good  results.  In  the  course  of  this  wQrk 
I  have  found  that  many  of  the  precautions  that  we  originally  con- 
sidered necessary  may  be  omitted.  In  the  first  place  a  little  nitric 
acid  in  the  solution  does  no  harm ;  the  evaporating  to  dryness  is 
time  wasted.  Care  should  be  taken,  however,  not  to  have  too  great 
an  excess  of  acid  of  any  kind  present.  If  from  any  cause  we  find 
that  too  much  free  acid  is  present  in  the  solution,  it  can  be  readily 
neutralized  by  the  addition  of  a  little  ammonia  water,  not  quite 
sufficient  to  neutralize  the  acid.  The  drying  in  vacuo  is  also 
unnecessary.  Dr.  Gibbs  suggested  that  the  water  be  removed  by  a 
VOI-.  X. — 5 
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little  alcohol,  as  this  would  evaporate  in  less  time  than  water.  This 
was  tried  with  satisfactory  results.  The  next  suggestion  (whose  T 
know  not)  was  that  the  alcohol  might  be  burnt  off;  this  also  works  well. 

The  process  of  analysis  which  has  been  followed  in  my  laboratory 
since  1871  is  as  follows,  and  it  is  just  the  same  whether  the  substance 
be  a  matte,  an  alloy  which  does  not  contain  metals  thrown  down  by  the 
battery  in  an  acid  solution,  or  an  ore  :  Two  grams  of  the  substance,  if 
it  contains  more  than  ten  per  cent,  of  copper,  or  four  or  five  if  it  is 
poor  in  copper,  are  weighed  into  a  porcelain  dish.  This  is  treated 
with  5  c.c.  of  strong  sulphuric  acid,  then  a  little  nitric  acid  is  added 
from  time  to  time  until  the  action  ceases.  It  is  then  heated  to  boil- 
ing over  a  lamp,  allowed  to  cool  and  diluted  to  about  50  c.c,  boiled 
and  filtered.  If  the  substance  is  well  ground,  a  single  treatment  is 
generally  sufficient;  if,  however,  any  black  residue  remains,  this 
treatment  is  repeated.  If  there  is  any  lead  in  the  ore  it  is  converted 
into  a  sulphate,  and  remains  behind  on  the  filter;  the  trace  that  goes 
through  may  be  neglected,  since  it  is  not  precipitated  with  the 
copper.  The  copper  solution  is  filtered  directly  into  the  platinum 
dish,  which  should  hold  about  200  c.c,  though  with  care  one  hold- 
ing 100  c.c  can  be  used. 

This  operation  generally  is  completed  in  half  an  hour  from  the 
time  the  ore  is  weighed.  The  precipitation  takes  care  of  itself;  the 
dish  being  placed  in  the  circuit  when  the  laboratory  is  left  in  the 
evening,  in  the  morning  we  find  the  work  finished.  The  solution 
is  tested  by  taking  out  a  drop  and  putting  it  on  a  white  plate  with 
a  drop  of  hydric  sulphide;  if  the  copper  is  completely  precipitated 
the  dish  is  removed  from  the  battery,  the  solution  poured  out  and 
saved  if  necessary  for  the  determination  of  other  substances.  The 
dish  is  then  washed  with  pure  water,  followed  by  alcohol ;  the 
alcohol  is  then  drained  out  as  completely  as  possible,  and  the  little 
that  adheres  to  the  dish  set  fire  to.  This  operation  not  only  serves 
to  flry  the  copper,  but  it  also  prevents  the  oxidation  during  the  drying. 
A  very  slight  bluing  of  the  copper  does  no  harm,  as  it  will  not  per- 
ceptibly change  the  weight.  The  whole  operation,  from  the  time 
the  precipitation  is  complete  until  the  copper  is  weighed,  need  not 
take  more  than  ten  minutes. 

Within  a  few  months  I  have  had  occasion  to  test  the  method  very 
carefully.  Certain  parties  were  dissatisfied  with  my  results,  which 
they  claimed  were  too  high,  and  demanded  my  samples.  The  sam- 
ples had  already  been  sent  to  an  eminent  chemist,  who  returned 
them  to  me  with  his  method  of  analysis.  His  results  were  about 
one-tenth  of  a  per  cent,  higher  than   mine,  while  the  method  em- 
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])loyecl  by  him  involved  about  five  times  the  work.  I  have  had  no 
further  advices  from  the  dissatisfied  parties,  tiiough  they  have  had 
the  samples  for  two  or  three  months.  This  method  bids  fair  to  be- 
come the  standard  method  of  copper  determination  in  this  country. 
I  know  of  some  heavy  contracts  in  which  it  has  been  inserted  as 
part  of  the  agreement. 

In  connecting  the  precipitating  dish  with  the  battery,  I  find  it  is 
better,  when  more  than  one  dish  is  used,  to  connect  the  positive  pole  of 
the  battery  with  a  sheet  of  metal  or  wire  on  which  both  of  the  dishes 
are  set,  and  to  connect  the  platinum  strips  with  the  wire  proceeding 
from  the  other  pole  of  the  battery.  In  this  way  the  current  is  divided 
between  the  cells,  and  the  resistance  is  less  than  if  the  cells  are  in 
series.    I  finrl  that  two  small  Grove  cells  are  sufficient  for  the  purpose. 

The  commercial  allowance  for  variations  in  analyses  of  copper 
ores  is  one-half  of  one  per  cent. ;  the  actual  variation  on  analyses 
made  by  this  method  in  duplicate  does  not  often  exceed  one-tenth 
of  one  per  cent. 

AN  ANALYSIS  OF    THE  CASUALTIES  IN  THE   ANTHRA- 
CITE COAL  31INES,  FROM  1871   TO  1880. 

BY  H.  M.  CHANCE,  M.D.,  ASST.  GEOLOGIST,  PENNSYLVANIA  GEOLOGICAL 
SURVEY,    PHILADELPHIA. 

The  following  tables  have  been  compiled  from  the  annual  reports 
of  the  Inspectors  of  Mines,  to  determine  the  percentages  of  fatal  and 
non-fatal  casualties  from  roof-falls  and  explosions  of  fire-damp. 

As  we  cannot  assume  that  every  accident  has  l)een  recorded  by 
the  inspectors  ;  as  many  casualties  terminating  fatally  after  the  lapse 
of  a  considerable  period,  are  inevitably  recorded  as  "  non-fatal ;"  and 
as  clerical  errors  may  have  crept  into  the  compilation,*  the  figures  of 
these  tables  cannot  be  considered  absolutely  correct,  but  the  summary 
is  sufficiently  reliable  to  show  the  features  I  wish  to  ditfercntiate. 

Under  the  heading  "  Miscellaneous"  are  included  all  accidents  not 
directly  attributable  to  explosions  of  fire-damp,  roof-falls  or  falls  of 
coal.  Prominent  among  the  numerous  causes  included  under  this 
head  are  premature  or  delayed  explosion  of  blasts,  accidental  explo- 
sion of  ])ovvder  or  cartridges,  accidents  from  mine  cars,  falls  in  shafts, 
machine  accidents,  sliding  of  loose  coal  in  pitching  breasts,  suffoca- 
tion by  (ihoke-damp,  etc.,  comprising  in  all  48  per  cent,  of  the 
total  number  of  casualties. 


*  Compiled  by  Mr.  Maxwell  Chapman. 
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Falls  of  coal,  though  not  properly  belonging  to  the  same  class  of 
casnalties  with  roof-falls,  have  been  included  under  this  head.  The 
general  summary  shows  that  36  per  cent,  of  the  total  number  of 
casualties  are  directly  traceable  to  falls  of  roof  and  coal,  this  per- 
centage constituting  44  per  cent,  of  the  fatal  and  32  per  cent,  of  the 
non-fatal  accidents;  or  in  numbers,  there  were  890  fatal  and  1620 
non-fatal  accidents  from  this  cause  in  the  nine  years,  from  1871  to 
1879,  inclusive. 

In  1864  the  accidents  attributable  to  this  class  in  the  coal-fields 
of  Great  Britain  reached  45  per  cent,  of  the  total  number  of 
casualties. 

Roof-falls  are  common  to  all  mines  and  cannot  be  entirely  avoided, 
even  if  the  greatest  precautions  are  taken  ;  but  they  are  especially 
occasioned  by  thick  seams,  by  clods  of  shale  or  rock  loosely  adhering 
to  the  roof,  and,  when  the  roof  is  fair,  by  inattention  to  the  proper 
placing  and  renewal  of  props,  by  badly  located  shots  spending  their 
force  upon  the  roof,  by  the  vibration  caused  by  shots  fired  in  adjoining 
or  distant  workings,  by  driving  breasts  too  wide,  by  improper  removal 
of  props,  and  by  explosions  of  gas.  Falls  of  coal  are  similarly  oc- 
casioned, but  are  most  frequently  the  result  of  improper  underholing 
or  taking-up  of  bottom  coal,  allowing  too  large  a  mass  of  unsup- 
ported coal  above  the  miner. 

The  majority  of  casualties  from  roof-falls,  and  nearly  all  those 
from  falls  of  coal,  occur  at  or  near  the  working  face,  and  are  directly 
attributable  to  the  carelessness  or  poor  judgment  of  the  miner,  or  to 
his  reluctance  to  take  the  proper  precautions  and  exercise  the  j>roper 
care,  because  these  involve  some  additional  labor  and  trouble  for 
which  he  will  receive  no  pecuniary  reward. 

An  extremely  dangerous  roof  is  occasionally  met  with, — notably 
at  Pittston,  where  it  is  locally  called  the  "  black  rock,"  etc.  It  is  a 
dark  carbonaceous  slaty  shale,  perfectly  hard  and  firm  when  first  ex- 
posed, but.  it  soon  swells  and  softens  from  exposure  to  the  atmosphere, 
and  breaks  off  in  large  masses.  A  shale  roof  is  seldom  safe,  but  is 
particularly  dangerous  when  but  a  few  feet  in  thickness  and  loosely 
adhering  to  a  firm  sandstone  roof,  or  if  irregularly  bedded  in  lens- 
shaped  masses  or  fissured  by  cleavage  joints.  A  large  mass  of  such 
material  may  hang  for  a  long  ])eriod,  sustained  by  its  adhesion  to  the 
firm  sand-rock  above,  only  to  fall  without  warning  when  this  adhe- 
sion is  lessened  by  exposure  to  the  atmosphere,  or  from  the  vibrations 
caused  by  the  firing  of  shots.* 

*  See  reports  of  the  Inspectors  of  IVIines,  1878.  p.  209,  and  1879,  p.  301,  for 
illustrated  examples  of  accidents  resulting  from  similar  conditions. 
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When  the  roof  is  in  fair  condition,  falls  are  often  occasioned  by 
driving  the  working  places  too  wide,  or  if  they  have  originally  been 
of  proper  width,  by  "skipping"  the  pillars,  or  by  the  pillar  coal 
spall ing  off  in  wedge-shaped  masses  as  shown  by  the  accompanying 
sketch. 

The  breast  originally  driven  as  indicated  by  the  lines  A  Cand 
B  D  becomes  enlarged  after  a  time  to  the  size  A'  B'  D  C  by  the 
wedge-shaped  masses  A  C  A'  and  B  D  B'  breaking  off.  If  these  do 
not  actually  drop  off,  the  lines  of  fracture  A'  C  and  B'  D  practically 
increase  the  distance  between  supports  from  A  B  to  A'  B' ,  greatly 
increasing  the  danger  from  roof-falls,  for  a  roof  perfectly  safe  when 
supported  at  A  and  B  may  be  very  unsafe  when  fhese  supports  are 
removed  to  A'  and  B' .  The  figure  shows  two  cleavage  planes  xy 
and  wz  in  the  sandstone  roof,  which  will  allow  a  large  mass  to  drop, 
when  the  support  is  removed  from  A. 


Fig.  1. 


SLATE  FLOOR 

SECTION  ACROSS  OLD   BREAST 


Scale  Zl^lf' 


Attention  to  the  proper  placing,  renewal,  and  removal  of  props  is 
of  prime  importance,  and  a  systematic  and  periodical  inspection  of 
the  roof  in  all  travelling  ways  and  working  places  cannot  be  too 
strongly  urged.  This  inspection  should  be  intrusted  to  a  thoroughly 
competent,  experienced,  and  intelligent  man  only,  invested  with  the 
necessary  authority  to  enforce  his  orders,  and  who  should  be  held 
personally  responsible  for  all  such  casualties  occurring  within  his 
jurisdiction.  I  venture  to  suggest  this  as  a  means  of  decreasing  the 
number  of  casualties  from  roof-falls,  feeling  that  in  this  respect 
nothing  can  be  expected  from  the  miner  himself 
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When  the  roof  is  not  known  to  be  perfectly  secure,  mining  should 
certainly  be  suspended,  and  the  men  removed  to  a  safe  retreat  during 
the  firing  of  shots  in  adjoining  and  even  distant  working  places,  to 
avoid  the  risk  occasioned  by  the  vibrations  of  the  roof. 

The  tables  show  a  total  number  of  2510  casualties  resulting  from 
falls  of  roof  and  coal ;  it  would  be  interesting  and  instructive  to 
know  how  many  of  these  could  have  been  avoided,  had  proper  pre- 
cautions been  taken.  This  is  a  matter  beyond  the  control  of  the 
mine  inspector  ;  his  visits  are  necessarily  made  at  considerable  inter- 
vals, and  although  he  may  often  be  enabled  to  greatly  diminish  the 
danger  from  this  cause,  by  ordering  additional  propping,  etc.,  he 
cannot  enforce  the  constant,  watchfulness  and  care  necessary'  in  every 
mine  where  the  roof  is  unsafe.  I  am  convinced  that  a  large  majority 
of  these  accidents  are  due  to  criminal  carelessness  on  the  part  of  the 
miner  himself,  to  the  recklessness  that  comes  to  all  men  inured  to 
danger,  and  to  the  disinclination  so  frequently  exhibited  to  under- 
take any  additional  labor  that  does  not  offer  an  immediate  and  posi- 
tive remuneration. 

The  casualties  from  explosions  of  gas  number  1127, — 16  per  cent, 
of  the  total  number, — of  which  225  resulted  fatally.  The  number 
of  recorded  explosions  from  1870  to  1880  inclusive,  is  639. 

In  a  paper  read  before  the  American  Philosophical  Society,  May 
6th,  1881,  I  have  shown  that  463  of  these  occurred  from  April  to 
Ocrtober,  and  the  remaining  216  during  the  winter  months,  Novem- 
ber to  March  inclusive.     The  table  is  as  follows  : 


Explosioiis  of  Fire-damp,  1870  to  1880 


January,    . 

February, 

March, 

April, 

May, 

June, 

July,  ....     56  Total,  .         .         .679 


36 

August,     . 

36 

September, 

34 

October,     . 

65 

November, 

79 

December, 

61 

56 

Total, 

This  shows  an  average  of  66  per  month  for  the  warm  months, 
April  to  October  inclusive,  and  an  average  of  but  43  for  the  remain- 
ing (cold)  months  of  the  year,  and  certainly  seems  to  point  primarily 
to  an  impairment  of  ventilation  from  high  temperature  as  the  cause 
of  the  greater  number  of  explosions  during  the  warmer  months. 

The  accidents  included  under  the  head  "  Miscellaneous"  embrace 
48  per  cent,  of  the  total  number  of  casualties,  aggregating  in  all 
3403   of  which  916  resulted  fatallv. 
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The  total  number  of  casualties  recorded  by  the  inspectors  for  the 
nine  years  is  7040,  of  which  2031,  or  about  29  per  cent.,  resulted 

fatally. 

The  "summary  of  j^rcentages,"— Table  XIa,— develops  a  re- 
markably uniform  relation  between  the  relative  number  of  accidents 
attributable  to  roof-falls,  explosions,  and  other  causes,  and  also  be- 
tween the  percentages  of  those  terminating  fatally  each  year.  This 
is  also  evident  in  Tables  XII  and  XII<x. 


Table  I. 
Fatal  Accidents  in  1871. 


Roof-falls.    Explosions.    Miscella- 
neous. 


TotaL 


Pottsville 

D 

strict, . 

.       4 

14 

12 

30 

Ashland 

11 

.     20 

2 

34 

56 

Shamokin 

li 

.     18 

9 

16 

48 

Southern 

u 

.     12 

0 

16 

28 

Middle 

u 

.     15 

1 

37 

53 

69 


26 


115 


210 


Table  la. 


Non-fatal  Accidents  in  1871. 


Roof-falls.    Explosions.    Miscella- 
neous. 


-f-144 


tl49 


1239 


Total. 


Pottsville 

District, 

• ) 

/•118 

Ashlaiid 

u 

.  [  *84 

*08 

*115 

]  168 

Shamokin 

II 

J 

1120 

Southern 

" 

.       17 

1 

18 

36 

Middle 

u 

.       27 

81 

82 

90 

532 


Table  II. 


Fatal  Accidents  in  1872. 


Roof-falls.    Explosions,    Miscella- 
neous. 


Total. 


Pottsville  District, . 

.>36 

Ashland 

14 

41 

91 

Shamokin 

.^ 

Southern 

.     18 

1 

11 

25 

Middle 

.     15 

8 

17 

40 

Eastern 

.     36 

5 

26 

67 

— 

— 

100 

28 

95 

223 

*  January  1st  to  October  15th.         f  Totals  only  approximately  correct. 
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Table  Ila. 

Non-fatal  Accidents  in  1872. 

Roof-falls 


111 


Explosions.    Miscella- 
neous. 


53 


182 


Total. 


Pottsville  District, . 

•  "I 

Ashland 

.  Us 

103 

99 

265 

Shamokin 

.} 

Southern 

.     10 

5  ■ 

23 

38 

Middle 

.     33 

24 

64 

121 

Eastern 

.     68 

24 

95 

187 

346 


Table  III. 

Fatal  Accidents  in  1873. 


Roof-falls.    Explosions.    Miseella- 
neoiis. 


116 


33 


115 


Total. 


Pottsville 

IMstrict, . 

•  ) 

Ashland 

.         .52 

23 

51 

126 

ShamokiQ 

.] 

Southern 

.     21 

1 

16 

38 

Middle 

.     11 

6 

29 

46 

Eastern 

.     32 

3 

19 

54 

264 


Table  Ilia. 

Non-fatal  Accidents  in  1873. 


Roof-falLs.    Explosions.    MLscella- 
neous. 


200 


112 


373 


Total. 


Pottsville  IHstrict, 

■  > 

Ashland 

.  Uo 

77 

212 

379 

Shamokin 

.       .] 

Southern 

.     12 

2 

32 

46 

Middle 

.     21 

14 

56 

91 

Eastern 

.     77 

19 

73 

169 

685 


Table  IV. 
Fatal  Accidents  in  1874. 


Pottsville  District, 

Ashland  " 

Shamokin  " 
Southern*  " 
Middle  '  "■' 

Eastern  " 


Roof-falls. 

Explosions. 

Miscella- 
neous. 

Total 

.       5 

13 

17 

35 

.     20 

3 

21 

44 

.     13 

1 

12 

26 

.     17 

9 

31 

57 

.     39 

1 

29 

69 

94 


27 


110 


231 


*  No  report  from  this  district  in  1874. 
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Table  lYa. 

Non-fatal  Accidents  in  1874. 


Roof-falls.    Explosions.    Miscella- 
neous. 


173 


107 


259 


Table  V. 

Fatal  Accidents  in  1875. 


Pottsville  District, 
Ashland  " 

Shamokin  " 
Soutiiern  " 
Middle  " 

Eastern  " 


97 


18 


133 


Table  Va. 

Non-fatal  Accidents  in  1875. 


209 


298 


*  No  report  from  this  district  in  1874. 


Total. 


Pottsville 

D 

strict, . 

.     22 

38 

40 

100 

Ashland 

.     32 

7 

56 

95 

Shamokin 

.     59 

20 

71 

150 

Southern* 

. 

Middle 

.     25 

32 

48 

105 

Eastern 

"         . 

.     35 

10 

44 

89 

539 


Roof-falls. 
.     11 

Explosions. 
7 

Miscella- 
neous. 

10 

Total 
28 

.     11 

0 

15 

26 

.     16 

0 

22 

38 

.     11 

2 

8 

21 

.     19 

6 

38 

63 

.     29 

3 

40 

72 

248 


Roof-falls. 

Explosions. 

Miscella- 
neous. 

Total 

Pottsville 

District,  . 

.    •      .      17 

28 

43 

88 

Ashland 

i( 

.      50 

15 

49 

114 

Shamokin 

u 

,     60 

3 

45 

108 

Soutiiern 

11 

.     41 

3 

33 

77 

Middle 

<( 

.     20 

32 

48 

100 

Eastern 

u 

.     21 

1 

80 

102 

589 


Table 

VI. 

Fatal  Accidents  in 

1876. 

Roof-falls.    Explosions. 

Miscella- 

Total. 

neous. 

Pottsville  District, 

.       5 

10 

18 

28 

Ashland          " 

.       9 

1 

17 

27 

Shamokin       " 

.     14 

1 

22 

37 

Southern         " 

.     18 

4 

15 

87 

Middle            " 

.     23 

7 

15 

46 

Eastern           " 

.     20 

6 

18 

44 

89 

29 

100 

218 
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Table  Via. 

Non-fatal  Accidents  in  1876 

Roof-falls. 


Pottsville 

D 

strict, . 

.     19 

Ashland 

.     14 

Shamokin 

.     21 

Southern 

.     28 

Middle 

.     18 

Eastern 

.     44 

plosions. 

Miscella- 
neous. 

Total 

34 

13 

66 

9 

25 

48 

13 

27 

61 

17 

29 

74 

22 

47 

87 

21      • 

55 

120 

144 


116 


196 


456 


Table  VII. 

Fatal  Accidents  in  1877. 


Pottsville  District, 
Ashland  " 

Shannokin  " 
Southern  " 
Middle  " 

Eastern  " 


Roof-falls.  Explosions.  MLsceDa- 
neous. 

5  10  12 

20  0  9 

17  0  11 

17  0  9 

25  1  12 

31  1  8 


115 


12 


61 


Total. 

27 
29 
28 
26 
38 
40 

188 


Table  Vila. 

Non-fatal  Accidents  in  1877. 


Roof-falls. 

Explosions. 

Miscella- 
neous. 

Total 

Pottsville 

District,. 

.     21 

44 

24 

89 

Ashland 

.     27 

7 

24 

58 

Shamokin 

.     31 

7 

28 

66 

Southern 

.     20 

9 

31 

61 

Middle 

.     34 

24 

68 

121 

Eastern 

.     64 

28 

82 

174 

197 


119 


252 


568 


Table  VIIL 

Fatal  Accidents  in  1878. 


Pottsville  District, 
Ashland  " 

Shamokin  " 
Southern  " 
Middle  " 

Eastern  " 


Roof-falls. 
.       5 

Explosions. 
3 

Miscella- 
neous. 

6 

Total 
14 

.     13 

0 

13 

26 

.     16 

11 

20 

47 

.     15 

2 

13 

30 

.     14 

7 

15 

36 

.     16 

0 

18 

34 

23 


85 


187 
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Table  Villa. 

Non-fatal  Accidents  in  1878. 


Roof-falls.    Explosions.    Miscella- 
neous. 


199 


34 


270 


Table  IX. 

Fatal  Accidents  in  1879. 


Roof-falls.    Explosions.    Miscella- 
neous. 


131 


29 


102 


Table  IXa. 
Non-fatal  Accidents  in  1879. 


Roof-falls.    Explosions.    Miscella- 
neous. 


243 


130 


418 


Table  X. 

Fatal  Accidents,  1871  to  1879. 


Years. 

1871,  . 

1872,  . 

1873,  . 

1874,  . 

1875,  . 
187n,  . 

1877,  . 

1878,  . 

1879,  . 

1871  to  1879, 


800 


225 


916 


Total. 


Pottsville  D 

strict, . 

.       4 

11 

15 

30 

Ashland 

.     40 

7 

42 

89 

Sliamokin 

.     44 

12 

71 

127 

Southern 

.     43 

2 

25 

70 

Middle 

.     34 

2 

63 

99 

Eastern 

.     34 

0 

54 

88 

503 


Total. 


Pottsville 

D 

strict, . 

.     10 

5 

9 

24 

Ashland 

.     21 

3 

19 

43 

Shaniokin 

.     25 

4 

17 

46 

Southern 

.     15 

2 

8 

25 

Middle 

.     30 

12 

23 

65 

Eastern 

.     30 

3 

26 

59 

262 


Total. 


Pottsville 

District, . 

.     45 

35 

78 

158 

Ashland 

.     40 

18 

53 

111 

Shainokln 

.     22 

15 

66 

103 

Southern 

.     44 

8 

48 

100 

Middle 

.     53 

45 

87 

185 

Eastern 

.      39 

9 

86 

134 

791 


Roof-falls. 

Explosions. 

Miscella- 
neous. 

Total 

.       69 

26 

115 

210 

100 

28 

95 

223 

116 

33 

115 

264 

94 

27 

110 

231 

97 

18 

133 

248 

89 

29 

100 

218 

.     115 

12 

61 

188 

79 

23 

85 

187 

131 

29 

102 

262 

203 1 
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Table  Xa. 

Non-fatal  Accidents,  1871  to  1879. 


Years. 

1871, 
1872. 
1873, 

1874, 
1875, 
1876, 
1877, 
1878, 
1870, 

]871  to  1879, 


Roof-falls.    Explosions. 


144 
111 
200 
173 
209 
144 
197 
199 
243 

1620 


149 

58 

112 

107 

82 

116 

119 

34 

130 

902 


Miseella- 
neoiis. 

239 

182 

373 

259 

298 

196 

252 

270 

418 

2487 


Total. 

532 
346 
685 
539 
589 
456 
468 
503 
791 

5009 


Table  XI. 


General  Summary,  1871  to  1879. 


Roof-falls.    Explosions. 


Miscella- 
neous. 


Total 


1871, 

213 

175 

354 

742 

1872, 

211 

81 

277 

569 

1873, 

316 

145 

488 

949 

1874, 

267 

134 

369 

770 

1875, 

306 

100 

431 

837 

1876, 

233 

145 

296 

674 

1877, 

312 

131 

313 

756 

1878, 

278 

57 

355 

690 

1879, 

374 

159 

520 

1053 

1871  to  1879, 

2510 

1127 

3403 

7040 

• 

Table  XIa. 

S^. 

immary  showing  Percentages 

Roof-falls 

Explosions. 

Miscellaneous. 

Total. 

Fatal.    Non-f 

atal. 

Fatal.    Non-fatal. 

Fatal. 

Non 

-fatal. 

1871, 

.10-1-. 19  = 

(.29) 

.03 +  .20=  (.23) 

.16  + 

.32  = 

=  (.48) 

=  100  per  cent 

1872, 

.17+  20  = 

(.37) 

.05 +.09=  (.14) 

.16  + 

.33  = 

=  (.49) 

=  100       " 

1873, 

.12-1-21  = 

(33) 

.03 +  .13=  (.16) 

.12  + 

39  = 

=  (.51) 

=  100       " 

1874, 

.12 +  .23  = 

(.35) 

.03 +  .14=  (.17) 

.14  + 

.34  = 

=  (.48) 

=  100       " 

1875, 

.11  +  .26  = 

(.37) 

.02-1-. 10=  (.12) 

.16  + 

.35  = 

=  (.51) 

=  100       " 

1876, 

.13  +  .21  = 

(.34) 

.04 +  .18  =  (.22) 

.15  + 

.29  = 

=  (.44) 

=  100       •' 

1877, 

.15 +  .26  = 

(41) 

.02 +  .16  =  (.18) 

.08  + 

.33  = 

=  (.41) 

=  100       " 

1878, 

.11 +  .29  = 

(.40) 

.03 +  .09=  (.12) 

.13  + 

.38  = 

=  (.51) 

=  100       " 

1879, 

.12  +  .23  = 

1879,. 12+24  = 

(.35) 
=  (.36 

.03 +  .13=  (.16) 

.10  + 

.39  = 

=  (.49) 

=  100       " 

1871- 

)    .0 

3  +  . 

13  =  (.16) 

.13  + 

35  = 

=  (.48) 

=  100       '« 
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Table  XIL 

Summary  showing  Pei 

'centages,- 

—Fatal 

Aocidents. 

Roof-falls. 

Explosions. 

jStiscella- 
neous. 

Total. 

1871, 

.33 

.12 

.55 

100  percent 

1872, 

.45 

.13 

.42 

i< 

1873, 

.44 

.12 

.44 

II 

1874, 

.41 

.12 

.47 

II 

1875, 

.39 

.07 

.54 

II 

1876, 

.41 

.13 

.46 

<i 

1877, 

.61 

.06 

.33 

<< 

1878, 

.     .42 

.13 

.45 

11 

1879, 

.     .50 

.11 

.39 

i( 

1871  to  18 

79, 

.     .44 

.11 

.45 

100" 

Table  Xlla. 
Summary  showing  Percentages, — Non-fatal  Accidents. 


Roof-falls. 

Explosions. 

Miscella- 

Total. 

neous. 

1871,          .         .         .     .27 

.28 

.45 

100  per  oent 

1872, 

.32 

.16 

.52 

1873, 

.29 

.17 

.54 

1874, 

.32 

.20 

.48 

1875, 

.36 

.14 

.50 

1876, 

.31 

.26 

.43 

1877, 

.35 

.21 

.44 

1878, 

.40 

.07 

.53 

1879, 

.31 

.16 

.53 

1871  to  18 

79, 

.     .32 

.18 

.50 

100  " 

THE  RICH  HILL  IROX  ORES. 


BY   F.    P.    DEWEY,  WASHINGTON,   D.  C. 

Rich  Hilt,  is  sitiuitcd  in  the  famous  car-wheel  iron  region  of 
Southwestern  Virginia,  and  although  it  contains  many  iron  ores, 
tiiis  paper  will  be  devoted  chiefly  to  its  car-wheel  ore. 

Geologically,  Rich  Hill  is  somewhat  difficult  to  describe,  as  the 
strata  of  the  region  are  seriously  folded  and  contorted.  It  lies  at 
the  base  of  one  of  the  primordial  spurs  of  the  Blue  Ridge,  the  ore 
appearing  as  a  sedimentary  deposit  on  the  limestone  No.  2,  .some- 
times showing  an  imperfect  stratification,  bfit  generally  being  an 
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irregular  formation  consisting  of  ore  in  kunps  of  all  sizes,  together 
with  some  sand  and  gravel,  and  is  supposed  to  be  Trenton.  It  is 
comparatively  long  and  narrow,  its  longitudinal  outlines  being  de- 
termined by  Big  and  Little  Keed  Island  creeks  and  New  River,  the 
latter  flowing  along  its  northern  base  for  a  mile  and  a  half.  Its 
elevation  is  335  feet  between  the  creeks  and  river,  and  its  area  is 
400  acres,  of  which  at  least  300  are  ore-bearing.  The  ore  has  been 
very  thoroughly  tested  by  exploration  shafts  through  its  length  for 
a  mile  and  a  third,  and  across  its  entire  width.  A  careful  calculation 
based  upon  this  examination  shows  that  it  is  a  very  low  estimate  to 
place  the  amount  of  ore  at  2,000,000  tons.  It  is  somewhat  difficult 
to  explore  the  ore  by  means  of  small  shafts,  as  many  of  the  large 
masses  are  considerably  honeycombed  in  some  localities;  but  no  dif- 
ficulty would  be  encountered  in  approaching  it  by  large  open  cuts, 
which  is  the  most  convenient  way  to  mine  it.  This  difficulty  of  ex- 
ploring has  prevented  the  shafts  being  carried  to  a  greater  depth 
than  34  feet  in  the  ore,  but  there  is  no  reason  for  supposing  that  the 
ore  does  not  extend  to  a  much  greater  depth.  The  following  aver- 
age analyses  show  the  quality  of  the  ore  to  be  most  excellent: 

Nos.  1  and  2  are  representative  lump  ores  from  opposite  ends'  of 
the  ore  lands.  No,  1  is  situated  150  feet  up  the  hill,  and  has  already 
been  explored  to  a  depth  of  20  feet.  No.  2  is  250  feet  up  the  hill, 
and  has  been  explored  to  a  depth  of  34  feet. 

No.  3  is  also  a  lump  ore  from  very  near  the  top  of  the  hill  inter- 
mediate between  Nos.  1  and  2,  from  a  surface  opening  for  the  sup- 
ply of  the  forge. 

No.  4  is  an  unwashed  fine  ore  occurring  with  No.  2. 


L 

2. 

3. 

4. 

Water, 

.       12  51 

12  91 

15  83 

13.94 

Silica, 

3.50 

4.07 

4.17 

5.26 

Alumina,    . 

1.47 

2.90 

3  27 

4.17 

Sesquioxide  of  iron,    . 

.       81.92 

79.49 

7542 

75.96 

Oxide  of  manganese,  . 

0.25 

0.32 

0.22 

0.32 

Lime, 

0.17 

0.14 

0  13 

0.17 

Magnesia,   . 

0.40 

0.38 

0.26 

0.37 

Phosphoric  acid, 

0.15 

0.13 

0.16 

0.17 

Sulphuric  acid,  . 

.    Trace. 

Trace. 

Trace. 

Trace. 

Total, 

.     100.37 

100  34  . 

99.46 

100.36 

Metallic  iron, 

.       57.35 

55.64 

52.79 

53.20 

Phosphorus, 

0.066 

0.069 

0  068 

0.073 
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The  following  are  partial  analyses  of  second  samples  of  Nos.  1, 
2,  and  3 : 

1. 
Metiillic  iron,  ....       54.87 

Ph.wphorus, 0.083 

Sulphur,  .....       Trace. 

The  following  ore  is  confined  to  a  small  area  in  the  same  locality 
as  No.  3,  and  is  in  excellent  favor  at  the  forge  on  account  of  its 
physical  condition,  being  known  locally  as  "Black  sand  ore;"  it  is 
subjected  to  washing  to  prepare  it  for  use  : 


2. 

3. 

57.68 

54.60 

0.081 

0  050 

Trace. 

Trace. 

Water, 

.       11.63 

Silica 

3.63 

Alumina,        ...... 

...         2  52 

Se.^quioxide  of  iron,        .         .         .         . 

.       81.16 

Oxide  of  manganese,      ..... 

OL'6 

Lime,     ....... 

0.43 

Magnesia,       ...... 

0.46 

Phosphoric  acid,    .                   ... 

0.45 

Sulphuric  acid,      .                  ... 

.     None. 

Total,         .         .         .         . 

.     100.54 

Metallic  iron,         .         .         .         . '       . 

.       56.82 

Phosphorus,  ...... 

0.1f5 

In  regard  to  the  following  ore  little  can  be  said,  as  it  has  never 

•been  explored  and  is  not  included  in  the  general  estimate  of  Rich 

Hill: 

Water, 13.82 

Silica, 6.34 

Alumina, 2.96 

Sesquioxide  of  iron,        . 74.06 

Oxide  of  manganese,      .......  1.35 

Lime, ■  .         .  0.15 


Magnesia, 
Phosphoric  acid, 
Sulphuric  acid. 


Total , 


Metallic  iron. 
Phosphorus,  . 


0.42 
0.46 

None. 

99.56 

51.85 
0.200 


Topographically  it  would  be  very  difficult  to  imagine  a  more  suit- 
able location  for  the  manufacture  of  car-wheel  metal.  The  ore  being 
on  both  sides  of  a  small  hill  is  very  accessible,  free  from  all  liability 
to  trouble  from  water,  and,  in  fact,  free  from  all  difficulty  in  mining. 
At  the  confluence  of  the  two  creeks  is  a  location  presenting  many  ad- 
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vantages  for  a  furuace ;  there  is  an  abundance  of  water-power ;  the 
ore  is  within  easy  reach,  and  up  the  Big  Creek  there  is  an  almost 
unlimited  supply  of  charcoal. 

At  the  present  time  the  only  use  of  the  ore  is  for  the  supply  of  a 
small  forge  of  three  fires  making  100  tons  of  most  excellent  bar  iron 
per  year.  The  great  and  only  drawback  to  the  rapid  improvement 
of  the  region  is  the  lack  of  transportation  facilities ;  the  nearest  poin*/ 
on  a  railway  is  Martin's  Station  on  the  Norfolk  and  Western  Rail- 
road, whfch  is  fifteen  miles  from  Rich  Hill ;  but  the  completion  of  an 
ardently  hoped  for  and  expected  branch  railway  in  the  near  future 
will  certainly  make  Rich  Hill,  with  its  many  advantages,  one  of  the 
most  desirable  positions  for  the  manufacture  of  car-wheel  iron. 


NOTE  ON  BLACK  BAND  IRON  ORE  IN  WEST  VIRGINIA. 

BY  S.   P.    SHARPLES,    S.B.,   BOSTON,   MASS. 

Having  occasion  a  few  weeks  ago  to  investigate  the  subject  of 
black  band  iron  ore  in  West  Virginia,  I  was  surprised  at  being  met 
at  the  outset  with  a  denial  of  its  existence.  One  gentleman  went 
so  far  as  to  offer  one  hundred  dollars  an  acre  for  any  land  in  West 
Virginia  that  contained  a  seam  or  vein  of  even  a  single  foot  in 
thickness,  and  when  shown  the  ore  he  acknowledged  that  it  was 
genuine,  but  declared  it  had  been  imported.  That  black  band  does 
occur  in  West  Virginia  is  to-day  well  known  to  a  number  of  per- 
sons. There  is  a  seam  on  the  Gauley  River  of  about  a  foot  in  thick- 
ness of  good  ore,  which  I  understand  Mr.  Lewis  and  others  are 
making  preparations  to  work.  The  great  trouble  with  black  band 
ores  as  heretofore  found  in  this  country  has  been  their  limited  ex- 
tent. At  Fort  Washington,  for  instance,  they  had  a  very  fine  show- 
ing of  ore,  but  it  soon  gave  out. 

It  has  also  been  asserted  that  the  black  band  ores  of  the  Western 
Coal  Measures  were  worthless  in  the  furnace,  and  Fort  Washington 
has  been  pointed  out  as  an  example  of  the  fate  of  any  one  who  should 
undertake  to  work  them.  But  they  have  been  successfully  worked 
at  Youngstown  and  in  other  parts  of  Ohio,  and  I  am  assured  by  old 
furnace-men  from  Ohio  that  there  is  not  the  slightest  difficulty  in 
working  them  if  properly  managed. 

The  deposits  to  which  I  wish  to  call  the  attention  of  the  Institute, 
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are  situated  about  nine  miles  from  Charleston,  West  Virginia,  ana 
lie  at  the  head  waters  of  Davis  Creek.  This  bed  has  not  been 
fully  explored  yet,  and  has  not  been  worked.  Only  one  drift  has 
been  driven  into  it,  and  that  only  about  sixty  feet.  But  the  bed 
has  been  found  and  identified  over  a  tract  of  some  1500 "acres. 

This  ore  is  compact,  and  resembles  in  appearance  cannel  shale. 
Various  analyses  have  been  made  of  it  at  different  times  since  1871, 
when  it  was  first  discovered,  with  about  the  following  results : 

For  purposes  of  comparison,  I  give  also  an  analysis  of  the  Helen 
ore,  Hocking  Valley,  Ohio,  and  a  Welsh  ore : 

Davis  Creek.  Helen.  Llanelly. 

Silica, 3.60  4.93  7. '20 

Phof^phorus, 25  .87  .295 

Sulphur, 41  L07  .26 

MetiiUic  iron, 31.46  36.43  33.68 

ROASTED    ORE. 

Metallic  iron, 64.  50.80  56.00 

The  ore  loses  rather  more  than  half  its  weight  in  roasting. 

The  bed  appears  to  hold  its  own  over  the  area  of  which  I  have 
spoken,  and  to  run  from  four  to  five  feet  thick. 

The  analysis  of  the  black  band  ore  on  the  Gauley  River  is  almost 
identical  with  the  above. 


NOTES  ON  THE  HARD- SPLINT  COAL  OF  THE  KAN  A  WHA 

VALLEY. 

BY  STUAKT  M.  BUCK,  COAL  BURG,  WEST  VIRGINIA. 

The  term  "splint"  seems  to  have  been  adopted  to  describe  the 
fracture  of  the  hard  bituminous  coals  of  West  Virginia.  It  is  not 
a  scientific  name,  but  rather  a  trade  term,  and  does  not  indicate  a 
correspondence  with  English  splint.  At  present  it  is  a  popular 
word,  and  is  very  loosely  applied  to  coals  of  various  qualities,  in  the 
desire  to  improve  their  sale.  The  Kanawha  splint  is  distinguished 
by  its  hardness,  dull  lustre,  coarse  fibrous  structure,  its  purity,  and 
especially  its  resistance  to  atmospheric  influence.  It  kindles  very 
readily,  burns  with  a  bright  flame,  but  does  not  cake,  so  that  a  lump 
when  half  consumed,  may  be  broken  by  a  slight  blow  in  its  plane 
of  cleavage,  thougii  it  will  resist  a  strong  blow  in  any  other  direc- 
tion.    I  have  seen  pieces  that  have  been  exposed  to  frost  and  sun 
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for  a  dozen  years,  that  are  now  as  firm,  and  ring  as  clearly  when 
struck,  gs  though  ireshly  mined. 

The  principal  splint  vein  worked  on  the  line  of  the  Chesapeake 
&  Ohio  Railway,  is  that  known  as  the  Coalburg  seam.  It  has 
been  regularly  mined  for  the  last  seventeen  years.  The  Kanawha 
&  Ohio  Coal  Company  began  mining  it  on  their  property  at  Coal- 
burg, in  1864,  shipping  by  river  till  the  opening  of  the  railroad, 
in  1872. 

The  Coalburg  vein  worked  at  Coalburg,  East  Bank,  and  Faint 
Creek,  is  about  450  to  500  feet  above  the  track  of  the  Chesapeake 
and  Ohio  Railway,  and  about  150  feet  below  the  Flint  Ledge,  which 
is  a  stratum  of  gray,  blue,  and  black  flint,  running  very  regularly 
through  the  country,  and  constantly  referred  to  as  a  base-line  for 
the  location  of  the  different  veins. 

The  section  of  the  Coalburg  vein  is  as  follows,  counting  upwards 
from  the  slate  floor  : 

A.  Bottom  bench,  hard  splint. 

B.  Middle  bench,  splint  mixed  with  softer  coal  to  some  extent. 

C.  Bone  or  "  niggerhead,"  sometimes  split  by  a  thin  layer  of  coal. 

D.  Top  bench  of  hard  splint. 

The  whole  thickness  of  the  coal,  including  the  bone,  is  3'  8"  to 
4'  6",  and  counting  the  bone  as  belonging  with  the  top  bench,  the 
three  divisions  are  of  nearly  equal  thickness. 

The  niggerhead  is  from  six  to  eight  inches  thick,  and  as  it  does  not 
separate  freely,  an  additional  loss  of  two  inches  of  coal  is  frequently 
incurred.  Constant  watching  is  required  to  prevent  the  niggerhead 
from  being  loaded  with  the  coal,  as  it  is  so  similar  in  appearance  to 
the  coal,  that  in  a  dim  light,  or  when  coated  with  dirt,  it  is  only  to 
be  distinguished  by  its  greater  weight. 

The  roof  of  the  Coalburg  vein  is  usually  a  heavy  dark  slate,  vary- 
ing much  in  character  ;  sometinies  so  strong  as  to  require  little  or 
no  timber  in  a  room  of  twenty-four  to  thirty  feet  wide,  and  again 
so  bad  that  no  posting  will  hold  it  in  an  eight-foot  entry.  At  times 
the  roof  slate  runs  out  and  is  replaced  by  the  overlying  sandstone, 
which  is  remarkably  strong,  so  that  usually  no  timbers  are  required 
in  rooms  of  ordinary  width,  and  after  the  pillars  have  been  drawn, 
the  roof  has  been  known  to  stand  for  a  long  time,  unsupported,  over 
a  space  forty  yards  square.  This  character  of  the  roof  has  its  disad- 
vantages, as  it  makes  the  drawing  of  pillars  more  dangerous.  The 
sandrock  will  hold   up  for  a  long  time,  and  then   is  liable  to  fall 
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witli  little  warning,  and  in  such  masses  as  to  crush  down  all  supports, 
and  break  even  beyond  the  face  of  the  coal. 

The  bottom  slate,  forming  the  floor  of  the  vein,  varies  from  half 
an  inch  to  four  feet  and  upwards,  and  is  underlaid  by  a  seam  of  soft 
bituminous  coal,  one  foot  to  three  feet  thick.  This  soft  coal  is  of 
little  value  for  fuel,  but  if  washed  would  make  excellent  coke. 
When  the  bottom  slate,  which  divides  the  splint  and  the  soft  coal, 
does  not  exceed  three  inches  in  thickness,  and  there  is  any  parting 
in  the  soft  coal,  the  bearing-in  or  mining,  is  made  below  the  slate, 
so  as  to  avoid  wasting  the  more  valuable  splint  coal,  and  to  gain 
additional  height. 

Theoretically  and  geologically,  the  coal  seams  of  the  Kanawha 
valley  dip  very  regulaily  to  the  northwest  at  the  rate  of  about  fifty 
feet  to  the  mile;  but  practically,  the  coal  lies  in  basins,  and  the  dip 
is  so  frequently  reversed,  that  the  question  of  drainage  is  often  a  very 
annoying  problem.  There  is  not  sufficient  dip  to  concentrate  the 
water,  and  it  is  impossible  to  tell  in  advance  what  the  dij^  will  be. 
This  adds  to  the  difficulty  of  satisfactory  and  economical  mining, 
owing  to  the  danger  of  water  whenever  the  roof  is  broken  either  by 
drawing  pillars,  or  by  long-wall  work.  The  water  finds  its  way 
through  the  swamps  as  they  are  called,  and  drowns  out  the  workings 
at  a  distance. 

The  splint  coal  is  prepared  for  market  over  an  inch  and  a  quarter 
screen,  and  the  nut  coal  is  cleaned  over  a  half-inch  screen.  The 
miners  are  paid  by  weight  for  the  screened  coal,  and  the  bushel  of 
80  pounds  is  the  unit,  for  which,  at  present,  the  price  of  digging  is 
3|  cents,  or  98  cents  per  ton  of  2240  pounds.  On  the  railroad  the 
coal  is  sold  by  the  long  ton,  but  in  the  river  markets  it  is  sold  by 
the  bushel  of  2688  cubic  inches,  measured  in  the  barge.  These 
barges  carry  from  8000  to  12,000  bushels,  and  are  usually  twenty- 
four  by  one  hundred  and  thirty  feet,  with  five  to  six  feet  draft. 

Splint  coal  is  especially  adapted  for  use  as  domestic  fuel  in  open 
grates,  and  is  valued  by  shippers  and  dealers  for  its  ability  to  resist 
breakage.  It  is  a  good  gas  coal,  giving  tests  fully  equal  to  the 
Penn  and  Westmoreland,  but  it  cannot  be  mined  to  compete  in  price 
with  the  softer  coals. 

It  is  a  favorite  locomotive  coal,  giving  results  superior  to  the 
Youghiogheny,  and  it  is  an  excellent  coal  for  blast-furnace  use.  It 
can  be  used  without  coking,  and  its  purity  is  vouched  for  by  the 
fact,  that  in  1873-74  it  was  used  in  making  so-called  charcoal  pig- 
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iron,  and  when  it  did  not  exceed  two-thirds  of  the  fuel  charge,  the 
result  was  said  to  be  good. 

In  the  preparation  of  the  splint,  as  well  as  the  softer  varieties  of 
bituminous  coal,  the  aim  is  to  avoid  breakage  in  every  possible  way, 
so  that  the  coal  may  reach  its  market  in  attractive  form.  Th.e 
operator  grudges  every  foot  of  fall  in  the  screening  and  loading  of 
his  coal  on  the  railroad  or  at  the  river,  but  when  coal  is  shipped  by 
sea  it  is  so  roughly  handled  in  loading  and  discharging  vessels,  that 
all  previous  eiibrts  are  rendered  vain.  There  is  great  need  of  some 
decided  improvement  in  this  respect. 

There  are  a  few  points  on  M'hich  I  would  like  to  invite  some  dis- 
cussion : 

1st.  The  probability  of  any  relation  betw'een  the  topography  of 
the  country,  and  the  character  of  the  coal-seams  100  and  300  feet 
below  the  surface.  The  most  exj)erienced  miners  claim  that  a  rich 
flat  mountain  top  will  be  underlaid  by  a  good  and  regular  seam  of 
coal,  and  on  the  contrary,  that  any  sharp,  rocky  point  or  ridge  is 
likely  to  indicate  a  horseback  or  fault  below.  They  also  look  for  a 
swamp,  in  every  case,  near  the  crop  of  the  coal.  I  have  not  been 
able  to  trace  any  foundation  for  these  claims,  either  in  fact  or 
theory. 

2d.  The  relation  between  splint  and  cannel  coal.  The  Coalburg 
.seam,  now  being  worked  directly  fronting  the  Kanawha  River,  is 
supposed  to  be  the  same  vein  as  that  opened  five  miles  back,  on 
Paint  Creek  ;  but  in  the  latter  place  it  has  become  thicker,  and  part 
of  the  splint  is  replaced  by  cannel.  The  total  thickness  is  about  ten 
feet,  of  which  two  to  three  feet  are  cannel  ;  and  the  singular  part  is, 
that  in  one  place  the  cannel  occupies  the  centre  of  the  vein,  while  at 
a  few  hundred  feet  distance,  it  appears  near  the  bottom.  Pieces  of 
coal  may  also  be  found  which  show  nothing  but  splint  upon  one  side, 
while  the  other  is  banded  with  cannel. 

3d.  I  have  noticed  a  peculiar  occurrence  of  coal  in  the  sandrock 
roof  of  the  vein.  In  one  place,  where  a  fall  occurred,  exposing  a 
section  of  the  sandstone,  it  showed  a  number  of  blocks  of  coal  im- 
bedded in  the  rock ;  not  stringers  or  layers,  but  angular  blocks  of 
splint,  as  well  defined  as  though  they  had  been  picked  off  from  a 
coal  car  and  placed  in  the  sand  while  it  was  being  deposited.  I 
have  also  had  two  singular  specimens  brought  to  me  from  the  slate 
immediately  underlying  the  splint.  One  was  a  piece  of  milk  quartz, 
and  the  other  of  flint,  both  rounded,  and  of  about  ten  pounds  weight. 
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4th.  Has  it  Ucen  deteniiined  under  what  circumstances  the  fibrous 
coal  known  as  Dunt  or  Mother  Coal  was  deposited? 


ON  THE  SOLUTION  OF  PIG   IRON  AND  STEEL  FOR  THE- 
DETERMINA  TION  OF  FIl  0  SPHOR  US. 

BY  N.   H.    MUHLENBERG  AND  THOMAS  M,    DROWN,    EASTON,    PA. 

It  is  often  a  tedious  matter  to  get  a  solution  of  pig  iron  or  steel, 
for  the  determination  of  phosphorus,  which  is  absolutely  free  from 
silica.  Where  pig  iron  rich  in  silicon  is  dissolved  in  hydrochloric 
or  nitric  acid  in  the  usual  procedure,  it  is  necessary,  not  only  to 
evaporate  the  solution  to  complete-  dryness,  but  to  heat  the  dry 
residue  for  some  hours  in  an  air-bath  to  a  temperature  of  about 
120°  C.  The  oxide  of  iron  is  thus  rendered  insoluble  in  nitric  acid, 
and  is  only  slowly  dissolved  by  hydrochloric  acid. 

In  the  method  of  determining  silicon  by  nitric  and  sulphuric  acid, 
described  in  the  Transactions  of  the  Institute,  Vol.  VII,  page  346, 
and  Vol.  VIII,  page  508,  we  obtain  in  one  or  two  hours  a  solution 
of  the  iron  in  the  form  of  ferric  sulphate  entirely  free  from  silica, 
and  containing  free  sulphuric  acid.  It  occurred  to  us  that  this  solu- 
tion might  be  made  available  for  the  determination  of  the  phosphorus 
by  the  molybdate  method. 

The  following  experiments  were  tried  with  unsatisfactory  results. 
1st.  The  iron  was  precipitated  by  ammonia,  the  precipitate  filtered, 
washed,  and  dissolved  in  nitric  acid.  2d.  The  iron  was  precipitated 
as  basic  acetate  and  dissolved  in  nitric  acid.  3d.  The  solution  was 
neutralized  by  ammonia,  and  nitric  acid  added  in  small  excess.  In 
all  these  cases  the  phosphorus  obtained  by  precipitating  by  ammo- 
nium molybdate  and  magnesia-mixture  was  too  low. 

The  following  method  was  then  tried  with  success.  The  filtrate 
from  the  silica  and  graphite  was  evaporated  to  small  bulk  and  heated 
in  a  porcelain  dish  on  a  sand-bath  until  fumes  of  sulphuric  acid 
ceased  to  escape.  The  dry  residue  was  taken  up  with  dilute  nitric 
acid  and  the  solution  precipitated  by  ammonium  molybdate.  The 
phosphorus  was  weighed  as  magnesium  pyro[)hosphate.  The  results 
were  satisfactory. 

To  save  time,  the  original  solution  of  the  iron  in  nitric  and  sul- 
phuric acids  was  evaporated   to  dryness  and  heated  as  before  until 
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sulphuric  acid  fumes  ceased  coining  off.  Nitric  acid  was  then  added 
until  all  the  iron  salts  were  dissolved,  and  the  solution  was  filtered 
off  from  the  silica  and  graphite.  The  filtrate  was  directly  precipi- 
tated by  molybdate  solution.  The  results  thus  obtained  were  like- 
wise satisfactory  as  regards  phosphorus,  but  the  silicon  determina- 
tion by  this  method  was  frequently  too  high,  owing  to  imperfect 
solution  of  the  iron  after  evaporation  to  complete  dryness. 

We  have  not  tried  the  direct  weighing  of  the  yellow  precipitate 
by  this  method,  but  see  no  reason  why  it  should  not  be  weighed  by 
those  who  prefer  it. 

The  following  analytical  results  were  obtained  by  N.  H.  Muhlen- 
!)ero-  in  the  laboratory  of  Lafliyette  College  on  two  samples  of  pig 
iron.  The  amount  of  borings  taken  was  in  all  cases  about  one 
gram.  These  samples  contained,  respectively,  0.333  and  0.810  per 
cent,  of  phosphorus  as  determined  by  the  following  method:  Solu- 
tion in  nitric  acid,  evaporation  to  dryness,  heating  in  air-bath  for 
several  hours  at  a  temperature  of  120°,  re-solution  in  hydrochloric 
acid,  expulsion  of  the  hydrochloric  by  nitric  acid,  precipitation  in 
small  bulk,  made  nearly  neutral  by  ammonia,  with  .  ammonium 
molybdate,  solution  in  ammonia,  and  precipitation  with  magnesia- 
mixture. 

Sample  No.  1. 


By  evaporation  of  the  original  solution  to 
dryness. 

By  ev 

aiX)ration  of  filtrate  from  origin 
tion  to  dryness. 

Silicon. 
2.397 

Phosphorus. 
0.334 

Silicon. 
2.400 

Phosphorus 
0.333 

2.40 

0.332 

2.880 

2.45 

0.332 

2.396 

0  331 

2.44 

0.3-27 

2.399 

0.318 

2.399 

0.332 

2.398 

0.332 

2.41 

0.329 

— 

0.332 

Average,  2.416 

0.382 

2.394 

0.329 

Sample  No. 

2. 

1.052 

0.781 

0.895 

0  796 

1.043 

0.822 

0.801 

0.839 

0.875 

0.832 

0  867 

0.805 

0.899 

0.810 

0.844 

0.798 

0.844 

0.798 

0.847 

0.791 

0.843 

0.800 

0.843 

0.774 

0.828 

0.802 
0  813 

0.854 

0.771 

0.838 

0.806 

0.839 

0.820 
0.808 

0.850 

\verage,  0.896 

0.796 
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NOTES   ON  GOLD- MILL  CONSTRUCTION 

BY  AUGUSTUS  J.    BOWIE,    JR.,   SAN   FRANCISCO,   CALIFORNIA. 

The  discovery  of  the  auriferous  cement  gravel  deposits  in  and 
near  Deadwood  Gulch,  Lawrence  County,  Dakota  Territory,  in  1876, 
created  a  mining  excitement,  and  rush  to  tiie  Black  Hills.  Numer- 
ous ten  and  twenty-stamp  mills  were  built  on  Deadwood  Gulch  ; 
Central  City  and  the  town  of  Deadwood  sprang  into  existence,  and 
became  tiie  centres  of  the  mining  industry  of  the  Hills. 

Gold  quartz  deposits  were  subsequently  discovered  and  located  on 
a  so-called  mineral  belt,  extending  from  Whitewood  Creek  on  the 
south,  to  Deadwood  Gulch  on  the  north.  A  northerly  group  of 
these  quartz  locations  was  purchased  in  December,  1877,  by  parties 
in  San  Francisco,  who  formed  a  company,  incorporated  under  the 
name  of  the  Father  de  Smet  Consolidated  Gold  Mining  Company. 
This  comj)any  immediately  commenced  the  work  of  exploration. 
The  deposits  were  proved  to  be  extensive,  and  easily  mined,  but  it 
was  found  that  the  ore,  on  an  average,  would  not  yield  more  than 
$10.00  per  ton*  of  2000  pounds. 

At  this  time  the  cost  of  supplies  and  materials  in  the  Hills  was 
high.  Miners'  wages  were  $3.50  per  diem,  and  custom  mills  charged 
$6.00  per  ton.  The  successful  working  of  mines  on  "the  belt" 
necessitated  cheap  milling.  The  ores  being  of  so  low  grade,!  this 
could  be  accomplished  only  with  large  and  economically  running 
mills. 

To  insure  the  greatest  possible  economy,  the  Father  de  Smet  mill 


*  Up  to  Dccpmber  31st,  1879,  tlie  cl«  Smet  mine  hful  produeod  bullion  of  tin; 
value  of  $718,21 1. 03  from  70, 155  tons  of  or(i,  being  an  avei'age  value  of  $9.41  per 
ton.  During  the  year  ending  December  31st,  1879,  the  mine  produced  40,344 
tuns,  which  yielded  $425,300.42,  or  $9.18  per  ton.  The  total  gross  cost  of  work- 
ing for  the  corresponding  period,  including  deadwork,  e.xchange,  legal  expen.ses, 
etc.,  was  $219,914.82.  Tlie  yield  of  the  mine  for  the  year  l^'di'd  [Engineer in g  and 
Mining  Jonrnal,  February  5lh,  1881),  was  $000,011,  with  total  expenses  of  mining 
and  milling,  of  $313,108. 

■j-  The  first  4083  tons  extracted  from  the  de  Smet  mine,  were  selected,  yielding 
$62,783.97.  The  next  25,728  tons  produced  $230,007.24.  The  total  29,811  ton.s 
were  wcuglied,  and  worked  at  custom  mills.  Tiie  yield  of  the  first  409  tt)ns  from 
the  Golden  Terra  Mine  \va.>j  $11.44  per  ton. 
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(which  was  designed  and  constrncted  under  the  immediate  super- 
vision of  the  writer),  was  built  on  a  plan  different,  in  some  respects, 
from  any  hitherto  erected.  The  machinery,  while  of  the  most  ap- 
proved construction,  did  not  vary  essentially  from  that  of  other 
mills,  but  the  arrangement  of  the  building  was  novel,  to  a  great  ex- 
tent, and  has  since  proved  so  excellent,  economically,  that  a  detailed 
description  of  it  may  be  of  interest  to  many.  The  special  objects 
in  view  in  the  arrangement  were : 

1st.  The  constant  supervision  of  the  batteries,  tables,  and  sluices, 
and  consequent  safeguard  against  robbery. 

2d.  Free  access  to  all  parts  of  the  machinery,  and  room  for  hand- 
ling the  same. 

3d.  Very  large  ore-bin  capacity,  to  insure  steady  milling. 

4th.  The  least  possible  manipulation  of  the  material  in  all  stages 
of  reduction. 

Among  the  results  attained  by  this  construction  of  the  mill  be- 
sides those  hereafter  mentioned,  the  following  may  be  briefly  noted 
here. 

The  building  has  been  thoroughly  tested,  and  at  times  there  have 
been  one  and  a  half  million  pounds  of  ore  in  the  bins  without  any 
resulting  damage  or  straining  of  the  structure.  The  rock  breakers, 
which  are  fifty-three  feet  above  the  battery  floor,  have  been  run  to 
their  full  capacity,  with  the  whole  mill  in  operation,  without  caus- 
ing much,  if  any,  vibration  in  the  building,  or  even  on  the  car  track 
in  the  top  of  the  main  division. 

An  exceedingly  limited  number  of  employes  in  the  mill  is 
requisite,  namely  : 

1  Head  amalgamator. 

3  Assistant  amalgamators. 

2  Feeder  tenders. 

1  Chief  engineer  and  mechanic. 

2  Assistant  engineers. 
1  Fireman. 

5  Koci\-breal<er  men. 
1  Watchman. 
1  Carpenter. 
1  Blaclvsmith. 

18  Total   number  of  men  required  per  diem  to  run  the 
mill  to  full  capacity. 


NOTKS    ON    GOLD-MILL    CONST RUCTIOX.  89 


THE    FATHER    DE   SMET   GOLD    MILL. 

The  ground  for  the  Father  de  Stnet  eiglity-stanip  gold  mill,  was 
broken  about  the  first  week  of  June,  187(S.  The  site  selected  was  on 
the  side  hill,  some  G.50  feet  northeast  of  the  Justice  shaft  of  the 
de  Smet  mine,  at  a  point  400  feet  below  the  mouth  of  the  shaft,  and 
at  an  elevation  of  30  feet  above  the  bed  of  Dead  wood  Gulch. 

A  space  200  feet  in  length  by  80  feet  in  width,  was  excavated, 
trenches  and  pits  for  batteries  and  machinery  duly  prepared,  and  the 
building  erected  on  the  solid  slate  country-rock.  The  material  from 
the  excavation  was  dumped  over  thehillside,  so  as  to  form,  in  front  of 
the  mill,  a  large  area,  which  was  subsequently  used  for  a  wood-yard, 
and  for  other  purposes. 

By  reference  to  the  accompanying  drawings  (Plates  I.  and  IL), 
the  following  description  of  the  construction  and  arrangement  of  the 
mill  may  be  readily  understood. 

The  Building. — The  entire  structure,  which  faces  the  north, 
covers  a  space  140  feet  long  and  60  feet  wide.  The  elevation  of  the 
main  building  from  the  mud-sills  to  the  apex  of  the  roof  is  75  feet. 
Its  greatest  length  is  east  and  west.  It  was  constructed  with  three 
distinct  compartments,  which  for  purposes  of  description,  will  be 
designated  as  the  east  division,  main  building,  and  west  division. 
The  sides  of  the  structure  are  boarded  and  battened,  and  the  roof  is 
shingled.  The  whole  is  painted  on  the  outside  with  two  coats  of 
metallic  fire-proof  paint,  and  the  interiors  of  the  west  and  centre  di- 
visions are  whitewashed.  The  east  and  west  divisions  are  finished 
to  correspond  with  the  main  building. 

The  east  division  is  52  feet  long  and  60  feet  wide,  and  contains 
the  engine,  boiler,  machine  and  lathe  rooms.  The  machine-shop  is 
well  supp'ied  Avith  all  the  necessary  implements  for  mill  work. 
The  lathe  's  30"  x  23',  and  fitted  with  a  full  complement  of 
tools. 

The  main  or  centre  division,  68'  x  60',  contains  the  batteries, 
rock  breakers,  and  ore-bins. 

The  west  division,  20'  x  60',  is  used  for  the  clean-up  room  and 
repair  shop.  It  contains  a  small  cast-iron  cleah-up  pan,  tubs  for 
panning  out  amalgam,  tailings,  etc. 

The  accompanying  plans  show  that  the  construction  of  the  end 
divisions  is  quite  simple,  and  a  description  of  the  same  will,  there- 
fore, be  omitted. 

The    building    is    provided    with    numerous   double    and    single 
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windows.  The  portion  of  the  battery  floor  adjoining  the  engine  de- 
partment is,  during  the  winter  days,  not  as  well  lighted  as  desired. 
This  might  be  easily  remedied  by  substituting  glass  for  tiie  boards 
in  the  sides  of  the  engine-room.  A  change  in  the  style  of  battery 
bracing  would  improve  the  light  over  the  tables,  and  permit  the  use 
of  electric  illumination  during  the  night. 

Materkih. — The  timber  used  in  the  construction  of  the  building 
was  the  best  available  pine  found  in  the  hills.  The  mud-sills  were 
hewn  timbers,  and  the  posts,  beams,  caps,  and  rafters,  were  of  sawed 
lumber.  The  timber  for  the  cross-beams  came  in  lengths  of  30  feet, 
which  were  extended  by  fishing  and  scarfing  as  required. 

The  shingles,  laid  A"  to  the  weather,  were  such  as  could  be  ob- 
tained, heart  shingles  being,  of  course,  desired.  All  the  mortises 
and  tenons  were  carefully  cut  and  accurately  fitted. 

The  Main  Floor. — The  main  building  is  erected  on  eight  lines  of 
mud-sills,  each  line  being  71  feet  long.  The  sill  timbers  are  of 
different  lengths,  18"  x  24"  in  width  and  thickness.  Those  on  the 
outer  lines  of  mud-sills  are  securely  lock-spliced  together.  The 
cross  sills  are  12"  x  21"  and  62'  long,  bolted  to  the  mud-sills  with 
1"  iron  bolts,  ninety-six  bolts  in  all  being  used  for  this  purpose. 
The  sills  are  laid  on  the  solid  bed  rock,  and  grouted  with  lime. 
Due  precaution  was  taken  to  insure  a  perfect  foundation,  all  weak 
places  being  dug  out  and  filled  in  with  masonry. 

The  ground  or  battery  floor  is  double  planked,  carefully  laid  with 
a  pitch  from  the  batteries  to  the  centre  line  of  the  building,  along 
which  line,  under  the  floor,  run  two  sluices,  one  for  each  half  of  the 
mill,  receiving  the  tailings  as  discharged  from  the  plates.  These 
two  sluices  incline  towards  one  another,  meet  in  the  centre  of  the 
building,  and  discharge  their  contents  into  a  quicksilver  trap  placed 
at  their  junction.  This  trap  discharges  into  a  sluice,  which  runs  at 
right  angles  to  the  sluices  already  mentioned,  and  in  turn  discharges 
into  a  second  quicksilver  trap,  after  passing  which,  the  tailings  flow 
into  the  gulch. 

The  main  structure  is  erected  on  the  outer  mud-sills.'  The  lower 
frame  of  the  building  is  formed  with  twenty-four  side  posts  of  sawed 
timber,  each  12"x20"  and  23'  long.  Each  post  is  mortised  in  the 
sills  with  a  4"  mortise,  10"  deep,  and  double  draw-pinned.  There 
are  standing  braces,  with  6 J  feet  to  8  feet  run  of  10"xl2"  timber 
to  every  post.  The  posts  on  each  line  of  sills  correspond  with  one 
another.  They  are  set  at  irregular  intervals  of  from  4'  10"  to  7'  to 
suit  the  construction  and  arrangement  of  the  machinery. 
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The  several  spaces  between  the  posts,  commencing  on  the  east  end 
(the  numbers  designating  at  once  both  sides),  are  as  follows  : 

Posts  1,  2,  and  3.     Space  between  each  4'  10". 

Posts  3  and  4.     Space  5  ^eet. 

Posts  4,  5,  and  6.     Sj)aces  4'  10"  each. 

Posts  6  and  7.     S})ace  7  feet. 

Posts  7,  8,  and  9.     Spaces  4'  10"  each. 

Posts  9  and  10.     Space  5  feet. 

Posts  10,  11,  and  12.     Spaces  4'  10"  each. 

The  side  posts  are  ca})ped  with  two  sills  (one  on  each  side), 
18"  X  18"  X  6(3' 8".  These  sills  are  held  to  the  posts  with  double 
mortises  and  tenons  (3"  x  12")  double  draw-pinned  from  both  sides. 

Twelve  cross-beams,  12"  x  18"  and  62'  in  length  each,  rest  on 
these  upper  sills  to  which  they  are  bolted  with  1"  iron  drift  bolts. 

Hanging  braces,  12"  x  12"  with  an  8-foot  run,  connect  the  cross- 
beams with  the  lower  side  posts,  and  stress-bolts  of  1^"  iron,  with 
bevel  washers  on  each  end,  run  parallel  with  the  braces. 

TJie  Ore-shoot  Story. — Upon  the  cross-beams  just  described,  imme- 
diately over  the  lower  posts,  stand  twenty-four  upper  side  posts, 
12"xlG"x24',  each.  These  posts  are  mortised  into  the  lower 
cross-beams  with  a  4"  mortise,  and  double  draw-pinned,  similarly 
to  those  in  the  lower  side  posts. 

Twelve  tie  beams,  12"  x  18"  x  62'  cap  the  upper  posts  with 
which  they  are  connected  by  means  of  mortise  and  tenon  joints. 
Size  of  mortise,  4"  wide,  16"  long,  10"  deep.  The  centres  of  the 
tie-beams  are  supported  by  twenty-four  shoot  braces,  12"  x  12"  x  34' 
each,  the  lower  ends  of  the  braces  being  mortised  and  bolted  with 
f-inch  iron  bolts  into  the  cross-beams,  at  a  point  6'  in  from  the  side 
of  the  building. 

Twenty-four  strut  braces,  12"  x  12"  x  16',  connect  the  centres  of 
the  shoot  braces  on  the  lower  sides  with  the  centres  of  the  cross- 
beams. 

The  tie-beams  and  cross-beams  are  connected  at  their  centres 
with  king  bolts,  1^"  iron,  26'  long,  thus  making  twelve  perfect 
braces,  each  forming  a  truss,  and  supporting  the  upper  story  of  the 
building.     The  trusses  were  built  slightly  crowning. 

The  twenty-four  shoot  braces  are  in  turn  strengthened  by  twelve 
sets  of  6"  X  6"  gii'ts,  upon  which  is  securely  spiked  a  double  thick- 
ness of  2"  plank  with  broken  joints.  This  forms  a  substantial  brace 
longitudinally  for  the  entire  structure,  and  also  .serves  as  the  floor  of 
an  ore-shoot  to  the  bins.    Twenty-four  horizontal  bolts,  1  ^"  diameter, 
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bind  the  upper  posts  ro  the  shoot  braces  at  the  centres,  as  shown  in 
the  plan. 

There  are  twenty-four  (12"xl2")  short  posts  supporting  the 
lower  ends  of  the  ore-bins,  and  resting  on  the  cross-beams.  These 
posts  are  mortised  at  their  upper  and  lower  ends. 

The  ore-bins  are  separate  compartments,  4'  x  4'  10"  x  8',  con- 
structed with  a  double  thickness  of  2"  plank,  and  lined  on  the  bot- 
tom with  iron.  They  are  supported  below  by  beams  12"xl4"  in 
size,  which  at  one  end  are  mortised,  tenoned,  and  double  draw- 
pinned  to  the  lower  side  posts,  and  hung  at  the  other  end  from  the 
cross-beams  by  rods  1^"  diameter  by  12 J'  long. 

What  have  been  described  above  as  ore-shoots  form  in  fact  the 
upper  parts  of  the  ore-bins.  For  every  battery  of  five  stamps  the 
bins  have  a  funnel-shaped  mouth  and  a  door  arranged  for  regulating 
the  discharge  to  the  feeder. 

The  roof  of  the  building,  pitched  at  an  angle  of  42°,  is  of  the 
ordinary  queen  truss  plan.  The  rafters  are  2"  x  10"  x  42',  and 
rest  on  plates  8"  x  12",  which  lie  on  the  tie-beams  immediately  over 
the  upper  side  posts.  Ventilators  are  provided  on  the  top  of  the 
building. 

Engine,  Boilers,  and  Shafting. — The  machinery  of  the  mill  was 
constructed  at  the  Union  Iron  Works,  San  Francisco,  California. 
The  engine  was  made  sufficiently  large  to  drive  the  present  eighty 
stamps,  and  twenty  additional,  should  the  latter  be  required.*  It  is 
a  horizontal  engine,  fitted  with  Meyers's  cut-off,  known  as  size  No. 
5.  The  cylinder  is  20"  diameter  with  42"  stroke.  The  engine 
occupies  a  space  of  o'  x  21'  (>".  The  height  from  base  to  centre  is 
24".  The  shaft  is  9"  in  diameter.  The  whole  weight  of  the  engine  is 
25,000  pounds.  The  balance-wheel  is  18'  in  diameter,  cast  in  eight 
segments,!  and  weighs  19,000  pounds. 

There  are  two  boilers  54"  in  diameter,  16'  long.  The  shells  are 
f\"  and  the  heads  ^'g"  thick.  Each  boiler  contains  forty-six  tubes 
3|^"  in  diameter,  spaced  4J"  in  vertical  rows.  The  tubes  are  securely 
fitted  in  the  boiler  with  an  expanding  mandril,  and  their  ends  beaded 
over.     There  are  two  manholes ;  at  one  end  above,  and  at  the  other 

*  The  lumber  for  this  addition  was  purchased  in  1879.  Two  more  boilers  will 
be  required  if  the  twenty  stamps  are  added.  This  change  will  necessitate  detach- 
ing the  west  division  from  the  main  structure,  and  shifting  it  about  twenty  feet 
furthpr  west. 

t  Weight  of  eight  segments  14,860  pounds.  Fly-wheel,  centre,  and  follower, 
1320  pounds. 
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below,  the  tabes.  To  the  top  of  the  boiler  is  riveted  a  6"  diametx^r 
chock  with  a  54"  circle,  and  to  this  is  bolted  a  6"  safety  valve,  fitted 
with  brass  valves,  complete  with  lever  and  ball.  A  6"  flange  is  also 
bolted  to  the  same  for  the  steam-pipe.  Each  boiler  is  provided  with 
a  water-gauge  fitted  to  its  front  with  circulating  pipes,  and  three 
gauge  cocks  tapped  in  the  front  end.  There  is  a  steam  gauge  8'' 
face  with  siphon  and  cocks,  and  one  6"  steam  whistle  with  2"  cocks. 

The  steam  drum,  40"  in  dian)eter  and  12'  long,  is  connected  with 
the  boilers  by  two  chocks  8"  diameter,  40"  circle.  The  drum  is 
provided  with  a  manhole  on  one  end.  A  mud  drum,  24"  in  diameter 
and  14'  long  shell  (A.  C.  iron),  J"  thick,  heads  -{'q",  provided  with  a 
manhole  on  left  end,  is  connected  with  the  rear  end  of  boilers  by  two 
chocks  8"  diameter  and  24"  circles.  On  the  underside  of  the  mud 
drum  there  is  bolted  a  4"  diameter  blow-oif  elbow  with  a  4"  diameter 
mud  valve  attached. 

The  best  No.  1  A.  C.  brand  iron  was  used  in  the  boilers,  steam, 
and  mud  drum,  and  the  iron  rolled  to  show  the  brand  on  the  out- 
side. The  horizontal  seama  of  the  shells  were  double  riveted,  and 
the  rivets  spaced  to  government  standard  and  driven  by  hand.  The 
edges  of  plates  for  the  boiler,  steam,  and  mud  drums  were  bevelled 
on  a  planer  before  being  rolled,  and  caulked  inside  and  outside. 

There  is  a  double  fire  front  of  cast  iron  1"  thick,  12'  long,  6'  6" 
high,  with  a  moulding  around  the  edges.  It  is  spaced  to  leave  4" 
between  the  boilers,  and  made  with  carrying  brackets  to  hold  the 
boilers,  and  cover  the  heads  of  the  rivets,  leaving  the  boiler  heads 
flush  with  the  fronts.  It  is  fitted  with  fire  and  ash-pit  doors.  The 
front  plate  consists  of  three  pieces  of  wrought  iron,  one  J"  x  6"  x  12', 
and  the  other  two  |"  x  2|"  x  6'  to  suit  the  fronts.  The  boilers, 
supported  by  two  boiler  stands,  18"  base,  and  18"  high,  one  back 
bearer  1"  x  6"  x  11',  two  wrought-iron  hollow  arches,  and  one 
arch  brace  1"  x  8"  x  10',  are  inclosed  in  double  walls  of  brick, 
so  constructed  as  to  form  an  air-chamber.  The  whole  is  held  in 
place  with  six  anchor  rods,  l"x  19' 6",  with  a  nut  on  each  end, 
eight  tie-rods,  l"xl4'G",  with  nut  and  washer  on  each  end,  and 
eight  wall-braces  8|'  from  centre  to  centre  of  holes.  The  grate 
surface  is  12'  wide,  length  of  bars  4'  6"  each.  The  front  of 
the  boilers  is  covered  with  a  double  breeching,  made  of  the  best 
Thornycraft  iron.  No.  10^.,  and  to  this  was  fitted  a  smoke  stack, 
42"  in  diameter,  60'  high,  made  of  Nos.  10  and  12  Thornycraft  iron, 
fitted  with  end  and  gU)'rod  bands  of  }/'  x  12"  iron.  The  guy  band 
is  fitted   with  four   eye-bolts  f"  in  diameter.      There  is  an   iron 
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tubular  heater,  24"  in  diameter,  and  8'  7"  long,  front  face  to  face 
of  flanges.  The  shell  is  of  y'g"  iron,  fitted  with  cast-iron  heads  3J" 
deep,  and  covers  bolted  to  the  same.  The  holes  are  tapped  in  each 
end  for  2"  gas  pipe.  The  heater  contains  24  tubes  2|"  in  diameter, 
and  8'  long.  Two  chocks,  8"  diameter,  with  IG"  flanges,  are  riveted 
to  the  heater  15"  from  each  end,  at  right  angles  from  each  other. 
A  flange  16"  diameter,  for  an  8"  galvanized  iron  pipe,  is  bolted  to 
the  outlet  chock.  A  1"  drain  cock  is  fitted  to  the  bottom  side  of 
the  heater,  opposite  and  under  the  outlet  chock. 

To  sui)ply  the  boilers,  and  for  other  purposes,  there  is  a  No.  5 
Knowles  steam  pump.  The  engine  is  placed  on  a  stone  foundation 
set  in  hydraulic  cement,  the  bed  rock  being  excavated  for  this  pur- 
pose.    The  anchor  bolts  are  11'  long. 

The  main  shaft  and  driving  pulleys  are  situated  in  the  centre  of 
the  east  end  of  the  main  building.  These  pulleys  (96"  diameter),  by 
means  of  six-ply  rubber  belts,  drive  54"  pulleys  on  the  counter- 
shafting;  and  eight  other  pulleys  (also  54"  in  diameter)  on  this  line 
shafting  are  belted  to  72"  pulleys  on  the  cam-shafts.  The  cam-shaft 
belts  are  provided  with  tightener  pulleys  15"  x  16"  in  size.  There 
are  two  lines  of  line  shafting,  one  on  each  side  of  the  main  building, 
placed  behind  the  batteries,  and  directly  on  the  battery  sills,  the  head 
ends  being  supported  on  pillow  blocks.  The  machinery  and  line 
shafting  are  so  placed  as  to  be  readily  accessible. 

The  Batteries. — The  batteries,  sixteen  in  number,  with  five  stamps 
each,  are  arranged  in  two  lines,  eight  batteries  on  each  side  of  the 
mill.  They  discharge  to  the  centre  of  the  main  building.  They  are 
of  the  usual  style,  built  independent  of  the  building,  and  braced, 
one  line  against  the  other,  with  12"  x  18"  timber,  as  shown  in  the 
plan. 

The  battery  blocks  are  of  selected  two-inch  planks,  spiked  to- 
gether, broken  jointed,  standing  on  their  ends,  clamped  longitudi- 
nally and  bolted.  It  was  difficult  to  obtain  sound  timber  of  sufficient 
size  to  make  the  blocks  in  the  ordinary  way,  and  recourse  was  had 
to  the  style  of  block  above  described. 

Experience  has  demonstrated  that  this  style  of  block  is  excellent, 
if  not  the  best.  Sound  planks  can  be  selected  and  put  together,  thus 
insuring  a  perfect  material  upon  which  to  rest  the  mortars,  a  result 
not  always  secured  when  large  timbers  are  used. 

The  blocks  are  placed  in  pits  12  feet  deep  sunk  in  the  slate.  The 
bottoms  of  the  pits  are  levelled  with  a  few  inches  of  quartz  sand, 
and  the  blocks  are  placed  in  position  and  securely  clamped ;  quartz 
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tailings  are  then  run  in,  filling  up  the  remaining  spaces  between  the 
blocks  and  the  slate.  Each  stamp  weighs  758  pounds,  and  con- 
sists of: 

1  stem.  13^  long  by  B\^^  in  diameter,  weighing  320  pouiirls. 
1  tappet,  diameter  of  face,  9y^ ;  depth,  10'^;   weight,  100  pounds. 
1  boss  head,     "  "         8^^         "        IG^^  ;        "        214       " 

1  shoe,  "  "         8V^         "  d'';        "         124       " 

The  die  is  8}/^  in  diameter  and  BV^  deep  ;  weight,  89  pounds. 

The  tappets  are  set  to  drop  the  stamps  from  7"  to  9h",  eighty-five 
drops  per  minute  being  the  calculated  speed.  The  cam  shafts  are 
5"  in  diameter  in  lengths  of  14'  6"  each,  weighing  860  pounds. 

Mortars,  Shoes,  and  Dies. — The  mortars  are  of  the  gold-mill  pat- 
tern, with  lining  for  sides  and  ends.  The  frame  and  lining  of  each 
mortar  weigh  about  4900  pounds.  The  accompanying  drawing  shows 
their  construction  in  detail.  They  are  set  on  the  blocks  and  bolted  to 
them,  the  tops  of  the  blocks  being  previously  covered  with  blankets. 
The  groove  shown  in  the  centre  of  the  bottom  of  the  mortar  was 
made  for  the  purpose  of  holding  the  die  to  its  place,  each  die  being 
cast  with  a  corresponding  lug.  As  the  dies  wore  down,  it  was  in- 
tended to  introduce  a  false  bottom,  or  heavy  casting,  3"  thick,  fitting 
the  bottom  of  the  mortar,  and  provided  with  a  lug  for  the  groove  in 
the  mortar,  and  a  groove  in  the  top  for  the  lug  on  the  die.  The 
object  in  view  was  to  economize  iron  by  wearing  the  dies  as  thin  as 
possible  without  lowering  too  much  the  level  of  their  surface.  The 
screens  used  are  No.  6,  punched ;  size,  14"  x  52".  Experience  has  since 
shown  that,  with  the  frequent  introduction  of  dies,  the  sides  of  the 
grooves  chip,  and  the  dies  then  require  wedging.  It  has  been  further 
demonstrated  at  the  mill  that,  when  old  dies  were  worked  down  on 
the  false  bottoms,  the  batteries  by  no  means  crushed  as  much  rock 
as  with  new  shoes  and  dies,  though  the  line  of  discharge  was  kept 
relatively  the  same.  This  is  accounted  for  by  the  irregular  wear  and 
tear  of  the  shoes  and  dies,  and  the  loss  of  weight.  A  very  important 
question  in  milling  low  grade  gold  quartz  is  here  presented,  where 
economy  requires  that  the  largest  possible  quantity  should  be  treated 
at  the  smalle.st  possible  cost  in  the  shortest  time,  with  due  reference 
to  the  percentage  of  yield. 

The  conclusions  so  far  arrived  at  are: 

1st.  That  the  square  bottom  is  the  best  form  of  die. 

2d.  That  there  is  no  economy  in  using  dies  after  their  surfaces 
have  been  irregularly  worn  to  any  great  extent. 

In  milling  gold  quartz  almost  the  principal  expense   is  the  con- 
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GOLD  MORTAR -CROSS  SECTION 

NOTE  •  When  self  feeders  are  used,  the  mortar 
tseiX  Bhould  be  i  wide  instead  of  2>i  as  showu  on  plan. 
Scale  fr^l  foot. 
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siiniptioii  of  slices  and  dies,  and  any  method  by  wliieli  a  saving  can  be 
effected  here  is  most  desirable.  If  the  above  conclusions  are  correct,  it 
is  economy  to  cast  shoes  and  dies  with  the  smallest  depth  practicable. 
This  necessitates  at  least  monthly  replacing,  but  it  insures  the  largest 
amount  of  work  per  stamp  with  the  smallest  consumption  of  iron. 
In  addition,  it  is  estimated  that  the  quantity  crushed  with  new  shoes 
and  dies  is  so  much  in  excess  of  that  with  those  which  are  much 
worn  as  to  well  repay  frequent  renewal. 

Feeders,  Tables  and  Traps. — Immediately  over  the  shafting  on  each 
side  of  the  mill  is  the  feeder  floor.  This  floor  is  spacious  and  well 
lighted.  There  are  sixteen  of  Hendy's  patent  self-feeders,  eight  on 
each  side.  They  stand  immediately  back  of  the  batteries,  the  lip  of 
the  feeder  being  on  a  line  with  the  mortar  feed,  and  the  mouth  of 
the  hopper  of  the  feeder  being  directly  under  the  ore-bin  discharge. 
The  batteries,  sixteen  in  number  with  five  stamps  each,  are  arranged 
in  two  lines,  eight  batteries  on  each  side  of  the  mill. 

In  front  of  each  battery  there  is  an  inclined  table  covered  with 
amalgamated  soft  copper  plates.  The  tables  are  so  located  that  they 
are  all  visible  from  any  point  on  the  main  floor  of  the  mill,  and 
are  thus  constantly  under  the  supervision  of  the  amalgamators.  At 
the  lower  end  of  each  table  there  is  a  Eureka  rubber,*  which  receives 
the  tailings  and  in  turn  discharges  them  into  a  quicksilver  trap. 
From  the  trap,  the  tailings  pass  over  a  small  amalgamated  copper 
plate  placed  below  the  floor  and  thence  run  into  the  sluice,  previously 
described,  situated  in  the  centre  of  the  mill.  The  traps  are  narrow 
wooden  boxes  with  a  centre  partition  which  extends  to  within  a  few 
inches  of  the  bottom.  The  boxes  are  lined  with  movable  amalga- 
mated copper  plates.  Above  the  main  sluice,  on  a  level  with  the 
floor,  there  is  a  track,  on  which  runs  a  small  car,  used  to  transport 
material  as  may  be  required. 

Rock-breahers  and  Grizzlies. — The  rock-breakers,  two  in  number, 
Blake's  patent,  15"  x  9"  in  size,  placed  immediately  over  the  centre 

*  These  rubbers  were  taken  out  subsequently  and  replaced  by  amalgamated 
soft  copper  platfs.  The  cost  of  running  the  rubbers  and  the  small  amount  saved 
l)y  tliom  did  not  justify  their  use.  Moreover,  the  quantity  of  material  crushed 
per  battery  was  too  much  for  the  single  rubber  to  work.  The  results  were  that 
the  rubl)(!rs  became  virtually  useless  and  the  grinding  entailed  a  loss  in  quick- 
silver. In  the  accompanying  drawings  the  "cross-section  through  the  main 
building,"  shows  the  mill  with  the  Eureka  rubbers  ns  originall}'  erected. 

From  August,  1879,  to  April,  1880,  inclusive  (nine  months),  in  working  48,422 
tons  of  ore,  there  was  a  loss  of  028  pounds  of  quicksilver,  or  very  nearly  ^^  of  an 
ounce  of  quicksilver  to  the  ton  of  ore  worked.  This  was  after  the  rubbers  had 
been  taken  out.  » 
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of  the  apex  of  the  shoot,  are  set  on  timbers  laid  longitudinally  with 
the  building  on  top  of  the  upper  tie  beams,  to  which  they  are  bolted 
with  1"  bolts.  They  are  driven  with  10"  belts  from  pulleys  on  the 
counter  shaft,  which  is  run  with  a  16"  belt  from  a  66"  pulley  on  the 
south  line  shaft.  The  mouth  of  each  breaker  is  set  on  a  level  with 
a  raised  floor  (on  the  upper  tie  beam),  which  is  covered  with  wrought- 
iron  plates,  japon  which  the  ore  descends  from  the  grizzlies. 

The  monthly  capacity*  of  the  mill-  was  originally  from  4400  to 
5400  tons  of  quartz.  Two  additional  rock-breakers  have  since  been 
added,  and  the  capacity  of  the  mill  has  been  increased  to  6200  tons 
of  quartz,  and  to  a  much  greater  amount  (7500  tons)  when  the 
auriferous  slate  also  is  milled,  which  is  now  being  done. 

It  has  been  conclusively  proved  in  the  Black  Hills  that  in  milling 
low-grade  quartz,  there  is  great  economy  in  large  rock-breaker 
capacity.  The  breakers  should  be  set  to  crush  fine.  Each  rock- 
breaker  is  supplied  with  ore  fed  over  two  grizzlies  (one  on  each  side 
of  the  breaker).  The  grizzlies,  4|'  wide  by  12'  long,  are  set  on  an 
incline  of  42'^,  and  extend  from  the  rock-breaker  floor  to  the  car-way 
which  runs  along  the  top  of  the  mill.  Each  grizzly  is  composed  of 
twenty-four  bars  of  iron,  \"  x  2"  x  12'  set  with  spaces  of  IJ"  be- 
tween the  bars.    The  total  weight  of  the  four  grizzlies  is  8160  pounds. 

The  car-way  in  the  main  building  connects  with  a  tramway,  which 
passes  over  the  top  of  the  west  division,  as  may  be  seen  in  the  plan, 
and  extends  to  a  self-acting  elevator  placed  at  the  mouth  of  the 
lower  tunnel  of  the  mine. 

Water  Supi^ly. — Water  for  the  batteries  is  supplied  from  a  20,000 
gallon  tank  inclosed  in  a  room  built  against  the  south  side  of  the 
main  building.  In  the  tank  is  a  large  sheet-iron  drum,  through 
which  the  exhaust  steam  from  the  engine  is  passed  to  heat  the  water. 
The  temperature  in  the  Hills  during  the  winter  ranges  from  0°  to 
— 35°  F.  From  this  tank,  2J"  pipes  distribute  the  water  through- 
out the  mill.  Between  every  set  of  two  batteries,  for  use  on  the 
tables,  is  attached  to  the  water  pipe  a  1"  hose  with  nozzle.  The 
boilers  are  supplied  from  a  15,000  gallon  tank  placed  behind  the 
engine-room. 

Immediately  above  the  mill,  on  the  hillside,  there  is  a  tank  con- 
taining 48,000  gallons  of  water  for  use  in  case  of  fire.  As  a  pro- 
tection against  fire  a  2|"  hose  is  always  kept  attached  to  a  fire-plug 
in  the  boiler-room.  On  the  rock-breaker  floor,  there  is  a  fire-plug 
with  hose  attached.     Water  is  delivered  at  this  point  by  a  direct 

*  The  ore  is  estimated  per  car-load. 
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connection  with  the  6"  main  of  the  Central  C^ity  Water  Company. 
There  are  two  fire  plugs  outside  of"  the  building  supplied  from  the 
same  source  under  a  steady  pressure  of  100  feet,  which,  in  case  of 
need,  could  be  increased  to  400  feet.  In  front  of  the  mill  are  the 
mill  blacksmith-shop,  assay  office,  retort  and  smelting  rooms,  all  of 
which  places  are  fitted  with  every  necessary  appointment  for  their 
respective  work. 

Cost  of  Construction. — The  cost  of  the  construction  of  the  mill 
was  as  follows: 


Mill  lumber,    . 

§13,705 

61 

Shingles, 

378 

00 

Masonry, 

630 

75 

Cement,    . 

82 

50 

Haulinsj, 

705 

00 

Pliining  Mill, 

850  00 

Lime, 

207 

70 

Miscellaneous, 
Whitewashing, 

3U7 
3-)9 

00 

—  $16,933 
15 

56 

Copper,    . 

1109 

15 

Quicksilver, 

414 

10 

Belting,    . 

952 

47 

Fire-arms, 

68 

30 

Telegraph, 

44 

60 

Toll  Gate  Company, 

74 

55 

.     $;5,022 

32 

Hardware, 

5,603 

27 

Nails,        . 

880 

33 

Machinery,  including  lathe, 

.       35,5(if5 

73 

Freight,    .... 

.      24,075 

42 

66,131 

75 

Total,        .... 

$86,087 

63 

Deduct  supplies  on  hand, 

13,060 

07 

Actual  cost  of  all  material  anc 

machinerj',    . 

$73,027  56 

Contract  on  construction, 

.       15,000 

00 

Labor    on    pits,    tank    (48,O0C 

) 

gal.),  mill,  etc.,    . 

4,652 

44 

19,652  44 

and  material. 

Total  cost  of  mill  construction 

$92,080  00 

TR.\MWAY 

Lumber  and  shingles, 

1,528 

00 

Labor,      .         .         .         .         . 

1,333  00 

Survey,    

87  00 

Sundries,           .         .         .         . 

188  00 

Total 

3,130  00 

OUAU 

Labor,  material,  tools,  etc.,  . 

INO    MILL 

SITE. 

4,939  48 

Grand  total 

$100,755  48 

100    VOLUMETKIC  ESTIMATION  OF    MANGANESE    IN    PIG    IRON,  ETC. 


A  VOLUMETRIC  ESTIMATION  OF  MANGANESE  IN  PIG- 
IRON  AND   STEEL. 

BY  FREDEHICK   H.    WILLIA3JS,    ST.    LOUIS,   SHSSOURT. 

The  object  of  this  paper  is  to  bring  to  the  attention  of  those 
members  of  the  Institute  who  are  interested  in  the  subject,  a  method 
for  the  estimation  of  manganese,  which  has  been  frequently  used  in 
the  laboratory  of  the  Vulcan  Steel  Works  during  the  last  eight 
months,  and  which  is  deemed  worthy  of  more  general  use.  It  is 
simply  an  adaptation  of  well-known  processes,  for  the  purpose  of 
determining  this  element  in  ])ig  iron  and  steel. 

In  general,  the  method  consists  in  precipitating  the  manganese  as 
binoxide,  dissolving  in  dilute  sulphuric  acid  in  the  presence  of  an 
excess  of  a  standardized  solution  of  oxalic  acid,  and  titrating  the 
remainder  of  the  oxalic  acid  left  uuoxidized  with  permanganate  of 
potash. 

For  this  method,  therefore,  two  standardized  solutions  are  needed, 
viz.,  a  permanganate  solution  and  an  oxalic  acid  solution. 

The  permanganate  solution  is  made  so  that  1  c.c.  is  equivalent  to 
1  mgr.  of  iron.  By  using  so  weak  a  solution  and  keeping  the  bulk  of 
the  solution  to  be  titrated  down  to  75  c.c.  or  a  little  less,  the  accuracy 
of  the  process  is  greatly  increased,  since  the  final  reaction  is  almost 
if  not  quite  as  sharp  as  if  a  stronger  solution  were  used. 

The  oxalic  acid  may  be  of  almost  any  strength,  but  if  made  so 
that  1  c.c.  requires  3  c.c.  of  the  permanganate  to  oxidize  it,  it  will 
answer  well. 

The  process  is  then,  as  follows:  from  1  to  2  grams  of  pig  iron  or 
steel  are  dissolved  in  40  to  50  c.c.  of  concentrated  nitric  acid  with  the 
aid  of  heat.  As  soon  as  solution  is  effected,  in  the  case  of  steel, 
add  gradually  and  cautiously,  the  solution  being  kept  boiling,  suf- 
ficient ]ndverized  chlorate  of  potash  to  pre.cipitate  the  manganese  as 
binoxide.  Two  grams  will  be  a  great  abundance.  In  the  case  of 
pig  iron,  first  remove  the  carbon  and  silica  by  filtering  the  solution 
through  asbestos  and  washing  with  concentrated  nitric  acid.  Filter 
the  strong  acid  solution  in  which  the  binoxide  has  been  precipitated, 
through  asbestos  with  the  aid  of  the  filter  pump.  When  it  has  en- 
tirely pas.sed  through  wash  well  with  water.  Blow  the  contents  of  the 
funnel  into  the  beaker  in  which  the  precipitation  was  made  and 
rinse  the  funnel  with  a  little  water. 
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Put  into  the  beaker  an  accurately  measured  quantity  of  the  stand- 
ard oxalic  acid,  a  moderate  excess  over  what  the  binoxide  is  capable 
of  oxidizing,  add  water  to  bring  the  bulk  of  liquid  up  to  60  to  75 
c.c,  then  3  or  4  c.c.  of  concentrated  sulphuric  acid,  and  heat  to  70° 
or  80°  C.  for  a  few  minutes.  The  solution  of  the  binoxide  is  speedily 
effected  with  the  aid  of  a  little  stirring.  Finally  titrate  the  hot 
solution  with  permanganate.  The  presence  of  asbestos  does  not 
obscure  the  final  reaction. 

Suppose  we  have  taken  1  gram  of  steel  in  which  we  suspect  about 
one  per  cent,  of  manganese.  Having  separated  the  binoxide,  \ve  add, 
say  15  c.c.  of  oxalic  acid  of  the  strength  already  mentioned,  and  effect 
the  solution  as  described.  This  15  c.c.  by  itself  would  require  45  c.c.  of 
the  pernianganate,  but  on  titrating  we  use,  say  25  c.c,  the  difference, 
20  c.c,  is  equivalent  to  0.020  grams  of  iron.  Since  1  equivalent  of 
binoxide  of  manganese  converts  2  equivalents  of  a  proto-salt  of  iron 
to  the  state  of  a  per-salt,  as  shown  by  the  formula 

2  FeSO,  +  MnO,  +  2H,S0,  =  Fe^  (SO^s  +  MnSO,  +  2Hp, 
the  solving  of  the  simple  proportion,  112  :  55  =  0.020  :  a-  gives  the 
weight  of  manganese  equivalent  to  the  0.020  gram  of  iron.     The 
value  of  X  is  0.00982,  and  the  j)er  cent,  is  0.982. 

The  results  by  this  method  agree  very  closely  with  those  obtained 
when  the  manganese  is  determined  as  pyrophosphate.*  Duplicates 
also,  by  their  constant  agreement,  show  the  method  to  be  reliable.  In 
the  last  analysis  on  our  records,  the  two  results  from  the  same  sample 
were  1.112  per  cent,  and  1.108  per  cent. 

In  analyzing  spiegeleisen,  less  than  1  gram  may  be  taken.  A 
determination  can  be  made  in  two  hours. 


MANGANESE  DETERMINATIONS  IN  STEEL. 

BY   WILLIAM  KENT,    M.E.,   PITTSBURGH,   VA. 

During  the  discussions  at  the  Philadelphia  meeting  in  February 
last,t  several  speakers  expressed  their  doubts  of  the  general  accuracy 
of  chemical  analyses  of  steel  made  by  "iron-works  chemists,"  and 
especially  of  determinations  of  manganese.  Since  the  meetino-,  the 
discussion  of  the  "practical  value  of  chemical  analyses"  has  been 
continued  at  some  length  in  the  columns  of  the  Iron  Age. 

*  Compjiro  iinpor  by  S.  A.  Ford,  TrnnsnctUms,  vol.  ix,  p.  397. 
t   Trfinmc.dons,  vol.  ix,  p.  629, 
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In  a  letter  to  that  paper  I  gave  the  results  of  ten  determinations 
of  the  manganese  in  one  cast  of  steel,  showing  wide  dis'ergence,  and 
offered  to  give  samples  of  the  same  steel  for  analysis  to  any  chemist 
who  should  request  it.  Eight  chemists  wrote  asking  for  samples, 
and  from  five  of  them  I  have  received  results,  which  I  shall  give 
below,  together  with  the  figures  previously  obtained,  and  a  few  brief 
notes  on  the  methods  used. 

At  the  time  the  first  analysis  of  this  cast  of  steel  was  made,  I  was 
attempting  to  investigate  the  influence  of  carbon  and  manganese 
upon  the  strength  and  ductility  of  certain  low-phosphorus  open- 
hearth  steels,  and  had  almost  arrived  at  the  conclusion  that  manga- 
nese had  no  traceable  effect  upon  these  properties.  Steels  of  about 
the  same  strength  and  ductility,  made  in  a  uniform  manner  of  low- 
phosphorus  stock,  were  found  to  be  nearly  uniform  in  carbon  and 
silicon,  but  to  vary  widely  in  manganese.  For  instance,  two  plates, 
from  different  heats,  were  found  to  be  nearly  identical  in  physical 
properties  and  in  chemical  composition,  except  in  manganese,  which 
was  reported  by  a  chemist  of  large  experience,  and  in  whom  I  had 
every  confidence  (A.  in  table  below),  to  be  0.434  and  0.98  respec- 
tivelv  in  the  two  plates.  An  accident  led  to  these  two  plates  being 
analyzed  by  a  customer  to  whom  they  were  sent  as  samples,  and  he 
reported  them  to  contain  0.324  and  0.320  Mn  (C).  Meanwhile  a 
second  analvsis  was  made  by  the  first  chemist  of  the  heat  in  which  he 
had  found  0.434,  and  the  custouier  0.324  Mn,  and  he  reported  1.14 
Mn.  Two  analyses,  made  some  days  apart,  by  a  third  chemist  (B.), 
of  a  piece  of  the  same  plate  in  which  0.324  Mn  had  been  found, 
gave  the  fijjures  0.613  and  0.58  Mn. 

Here,  certainly,  was  food  fi>r  reflection,  and  I  at  once  made  up 
my  mind  to  find  out,  if  possible,  how  much  manganese  that  plate  of 
steel  really  contained.  My  own  time  being  occupied  with  other 
matters,  I  was  able  to  make  only  a  single  determination  myself, 
usino-  the  acetate  of  soda  process  with  precautions,  as  described  by 
Mr.  A.  A.  Blair,  in  the  reports  of  the  United  States  Testing  Board. 
The  result  was  0.303  Mn,  a  figure  in  which  I  had  but  little  confi- 
dence, as  no  opportunity  was  afforded  fi)r  duplication. 

A  small  piece  of  the  same  plate,  about  six  by  two  inches,  one- 
quarter  of  an  inch  thick,  was  then  drilled  over  its  whole  surface, 
and  a  bottle  filled  with  the  drillings.  This  bottle  was  then  used  in 
furnishing  other  chemists  with  samples,  care  being  taken  to  give 
each  about  an  equal  proportion  of  coarse  and  fine  drillings,  so  as  to 
avoid  if  possible  the  suspicion  that  the  steel  was  not  properly  sam- 
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pled.     I  will  now  give  the  complete  list  of  results,  the  names  of  the 
chemists  being  suppressed,  as  I  have  no  authority  to  publish  them  : 

No.        Chemist.  Manganese                                          Process, 
found. 

1.  A.  .434     Acetate  soda  and  bromine. 

2.  A.  1.14              "           "                    '• 

3.  A.  .til              "           "                    " 

4.  B.  .613           "           "                    " 

5.  B.  .ft8 

6.  B.  .33       Nitric  acid  and  chlorate  of  potash. 

7.  C.  .824     Not  reported. 

8.  D.  .451  \     " 

9.  1).  ATi^i     " 

10.  E.  .303     Acetate,  with  modifications. 

11.  F.  .391     Acetate  process. 

12.  F.  .385     Nitric  acid  and  chlorate  of  potash. 

13.  G.  .406-, 

.  •               p  j,-,Q  >  Acetate,  with  modifications. 

1.5.             H.  .351  ^ 

,^               TT  QQQ  (■  Acetate  ammonia  and  bromine. 

17.             I.  .562) 

,Q              -J  K1Q  r  '^f^'^t^ite  soda  and  bromine. 

19.             J.  .439) 

.^^               T  ojA  }  Acetate  soda  and  bromine. 

"21.             J.  .313  )  Results  19  and  '20  redissolved  and  determined  !)}•  nitrit; 

22.  J.  .333  i       acid  and  chlorate  of  potash. 

23.  J.  .35()  I 

•2t.             J.  .333  (  Nitric  acid  and  chlorate  of  potash  direct. 

25              K  .438 1 

'     „  -  Acetate  soda  and  bromine:  weiorhed  as  pvrophoaphatp, 

■   '      >  Nitric  acid  and  chlorate  of  potash. 

28.  K.  .364  i                                                       ^ 

29.  L.  .38 
:!0.              ^.  ..,.,     > 
Ml               L.  .38    i 
:!2.              L.  .32    | 
33.*            L.  .33    J' 


Jj.  .rtO      \ 

Xj.  .30     [.  Acetate,  with  precautions  ;   weighed  as  pyrophosphate. 


Nitric  acid  and  chlorate  of  potash. 


The  brackets  indicate  duplicate  determinations. 

.Vll  of  the  results,  except  No.  ],are  known  to  have  been  obtained 
from  the  same  plate.  No,  1  was  from  the  same  cast,  but  whether  or 
not  from  the  same  plate  is  uncertain.  Nos.  3,  C,  8,  9,  and  13  to  18  in- 
clusive, were  from  the  bottle  of  drillings  above  spoken  of.  No.«.  11 
and  12  were  from  a  small  piece  of  the  original  plate,  the  chemist 
preferring  to  make  his  own  drillings.  Nop.  19  to  24,  inclusive, 
w<>re  from  another  bottle  of  drillings,  the  first  having  been  ex- 


*   Analyses  2-5  to  33  have  been    received  .since  the   paper  w«s  rea<i  at  liie  Vir- 
ginia meeting. 
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hausted.  This  second  bottle  of  drillings  Avas  purposely  made  very 
fine,  a  fluted  reamer  being  used,  and  the  whole  thickness  of  the 
plate  being  cut  away  so  as  to  secure  as  great  accuracy  as  possible  in 
sampling,  in  case  there  should  be  a  difference  in  manganese,  at  dif- 
ferent distances  from  the  surface,  as  is  reported  to  have  been  found 
recently  in  England.* 

I  will  now  give  a  few  notes  concerning  the  chemists  and  their 
methods  : 

A.  is  a  chemist,  well  up  in  years,  of  large  and  varied  experience, 
and  considered  by  a  large  clientage  as  a  first-class  authority.  He 
still  uses  the  acetate  and  bromine  process,  and  considers  it  the  best; 
but  I  fear  he  is  laboring  under  a  mistake,  as  I  am  informed  he  does 
not  use  the  precautions  thought  indispensable  by  many  other  chem- 
ists, to  free  his  precipitate  from  alkalies  and  oxide  of  iron. 

B.  is  a  young  man  of  limited  experience.  He  did  use  the  acetate 
and  bromine  process  until  the  Philadelphia  meeting,  but  has  now 
adopted  the  nitric  acid  and  chlorate  of  potash  method,  as  described 
in  Mr.  Ford's  paper.f  His  result.  No.  6,  indicates  that  one  or  the 
other  method,  in  his  hands,  is  far  from  being  accurate. 

C.  is  a  steel-works'  chemist.  I  know  nothing  further  concerning 
him.     He  was  employed  l)y  the  customer  referred  to  above. 

D.  is  a  professor  of  chemistry.  He  reported  that  the  determina- 
tions were  made  by  his  assistant,  in  whom  he  had  every  confidence. 
The  agreement  of  duplicate  analyses  to  within  .002  of  one  per  cent. 
is  noticeable,  especially  as  the  figures  are  higher  than  those  given  by 
the  majority  of  other  chemists.  To  my  mind  they  indicate  a  great 
uniformity  of  manipulation,  with  the  possibility  of  an  inaccuracy  in 
method,  tending  Mith  such  manipulation  to  a  constant  plus  error. 

E.  is  only  an  amateur  chemist,  without  sufficient  experience  to  be 
confident  of  his  own  results. 

F.  1  know  only  through  correspondence.  His  results,  by  two 
entirely  different  methods,  show  remarkable  uniformity,  when  com- 
pared with  the  great  divergence  in  results  obtained  by  these  meth- 
ods in  the  hands  of  other  chemists.  They  would  indicate  that  he 
has  got  rid  of  the  common  sources  of  error  in  the  acetate  and  bro- 
mine process, and  lead  toa  strong  opinion  in  favor  of  his  accuracy  in 
manipulation.     He  writes  as  follows,  concerning  his  method: 

''  The  precipitate  of  phosphate  of  ammonia  and  manganese  was  in 
both  cases  redissolved  in  hydrochloric  acid  ;  a  very  little  more  phos- 

*  Engineering,  April  15lh,  1881,  page  378. 
-f-  Transactions,  vol.  ix,  p.  397. 
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pliate  of  soda  added  and  reprecipitated  with  ammonia,  then  boiled 
nntil  it  assumed  the  crystalline  form." 

G.  describes  himself  to  me  as  a  chemist  from  Dr.  Drown's  labo- 
ratory. His  results  also  agree  to  within  .002  of  one  per  cent.,  but 
are  ,045  lower  than  those  reported  by  D.,  and  in  my  own  opinion 
("subject  to  revision")  so  much  more  accurate.  He  writes:  "I  use 
the  basic  acetate  process,  .  .  .  wash  the  precipitate  once  on  the  filter, 
redissolve  in  as  little  HCl  as  possible,  repeat  precipitation,  wash 
thoroughly,  unite  filtrates,  and  evaporate  to  300  c.c.  Filter,  dissolve 
in  HCl  the  small  amount  of  iron  which  has  separated  during  evapo- 
ration, and  make  a  basic  acetate  separation  in  as  small  bulk  as  pos- 
sible. Unite  the  filtrates  and  precipitate  with  bromine,  dissolve 
preci{)itate  in  HCl,  weigh  as  })yrophosphate,  following  Fresenius's 
instructions." 

H.  I  knew  six  years  ago  as  then  a  chemist  of  considerable  expe- 
rience. He  writes:  "The  method  used  was  the  acetate  of  ammonia 
process,  separation  of  MnO^  by  Br  and  weighing  as  MngO^.  This 
probably  gives  results  a  trifle  low,  but  I  consider  it  still  the  best  and 
most  accurate  process.  The  determinations  resulted  as  follows  :  No, 
1,  0.351  Mn  ;  No.  2,0,380  Mn.  This  you  may  say  is  not  very  satis- 
factory, but  I  detest  manganese  determinations  in  steel,  and  hope 
some  day  some  chemist  will  discover  a  process  more  satisfactory." 

I.  writes  me  that  he  has  had  five  years'  general  training  under 
some  of  the  best  professors  of  this  country,  and  three  years'  special 
experience  in  iron  and  steel  laboratories.  "  During  the  latter  period," 
he  says,  "I  have  had  many  a  wrestle  with  manganese,  and  have, 
come  to  the  conclusion  that  with  proper  care,  and  notwithstanding 
the  time  required,  the  bromine  and  acetate  method  is  by  far  the  best 
that  we  have  where  anything  like  accuracy  is  required."  His  method 
he  describes  as  follows  : 

"A  slight  permanent  precipitate  is  formed  in  the  solution  by 
Na.^COy,  then  4  c.c.  of  CoH^O.^  of  1.04  specific  gravity  added  for 
each  500  c.c.  of  final  solution.  As  soon  as  the  precipitate  is  dissolved,' 
the  solution  is  diluted  with  hot  water  to  500  c.c.  for  each  0.5  gram 
of  iron  or  steel.  The  solution  is  then  brought  to  the  boiling-point, 
when  the  requisite  amount  of  NaC^H.,0,^  is  added,  the  whole  is  boik-d 
for  a  few  moments  and  allowed  to  settle.  When  nearly  clear,  as  much 
as  possible  of  the  solution  is  poured  through  a  ribbed  filter,  boiling 
water  is  added  to  the  precipitate,  and  the  whole  again  brought  to  the 
boil,  when  it  is  allowed  to  settle,  and  the  solution  poured  through 
the  filter.     It  is  washed  again  twice  by  decantation  with  the  addi- 
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tion  each  time  of  0  5  c.c.  of  the  same  C^H^Oj;  the  precipitate  is  then 
brought  on  to  the  filter  and  washed  with  boiling  water  until  free 
from  chlorides.  Let  the  filtrate  stand  on  the  steam  bath  over  night. 
When  dry,  the  residue  is  taken  up  in  water  with  addition  of  about 
1  c.c.  CjH^Oj.  By  this  process  any  iron  in  the  filtrate  will  be  left 
undissolved  and  can  be  filtered  off.  If  I  am  in  a  hurry  (instead  of 
evaporating  to  dryness)  I  add  a  little  NasCOg  solution  and  evapo- 
rate to  a  suitable  volume,  the  Mn  is  then  precipitated  with  Br.  .  .  . 
The  Mn  is  filtered  off  and  weighed  as  MugO^.  ...  In  regard  to 
weighing  the  Mn  as  Mn^O^  the  amount  of  alkali  that  it  contains  is 
very  small,  and  when  the  percentage  is  under  2,  the  error  from  that 

cause  is  too  small  to  be  considered.     In  fact  when  at I  made  a 

series  of  tests  on  that  subject  by  weighing  the  Mn  first  as  MnsO^  and 
then  as  Mn2P20j,  and  found  that  up  to  2  per  cent,  the  difference  was 
very  small." 

Although  this  chemist  is  thus  careful  in  describing  the  pains  he 
takes  to  insure  correct  results,  and  shows  evidence  of  being  entirely 
scientific  in  his  methods,  I  am  inclined  to  the  opinion  that  his 
results  are  far  from  accurate.  The  tests  he  refers  to,  as  proving 
the  small  amount  of  alkali  in  the  precipitate  of  MugO^,  I  think,  were 
made  during  his  analyses  of  spiegels,  and  not  of  steel.  A  difference  of 
.057  in  duplicate  analyses  of  spiegel  may  be  considered  close  enough, 
but  I  think  the  majority  of  steel-works'  chemists  would  not  consider 
it  close  enough  in  an  analyses  of  soft  steel,  which  is  desired  to  contain 
as  little  manganese  as  possible,  without  red-shortness.  The  ma- 
.jority  of  evidence  in  the  above  list  is  also  against  his  figures,  al- 
though they  show  a  noticeable  approximation  to  results  Nos.  3,  4, 
and  5.  I  will  leave  a  criticism  of  his  method,  as  he  describes  it,  for 
other  chemists. 

J.  writes  a  very  brief  letter  with  his  results,  merely  stating  that 
Nos.  19  and  20  were  obtained  by  the  acetate  of  soda  and  bromine  pro- 
cess ;  Nos.  21  and  22  "  by  dissolving  19  and  20  in  HCl,  and  proceed- 
ing as  the  HNO3  and  KCIO3  method  directs ;"  and  Nos.  23  and  24 
"  by  the  HNOgand  KCIO3  proces."^,  without  modifications."  Although 
the  duplicate  determinations  are  far  from  being  as  close  as  those  of 
oiiemists  D.,  F.,  and  G.,  they  give  strong  indications  of  the  inaccu- 
racy of  the  acetate  and  bromine  process,  as  compared  with  the  other; 
that  is,  as  both  are  manipulated  by  this  chemist. 

K.  has  been  an  iron-works  chemist  for  two  years.  He  graduated 
under  Dr.  Drown  in  1878.  In  his  second  result  he  says  the  pre- 
cipitate by  phosphate  of  soda  was  dissolved  in   hydrochloric  acid, 
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nearly  neutralized,  boiled  with  acetate  of  soda,  and  repreeipitated  by 
microcosm ic  salt. 

L.  is  one  of  the  most  prominent  professional  chemists  in  the 
country,  with  an  excellent  reputation  for  accuracy.  The  first  result, 
No.  29,  is  his  own  ;  the  next  two  are  by  his  two  assistants,  all  work- 
ing independently,  and  without  knowledge  of  each  other's  results. 
The  method  vyas  essentially  that  described  by  Mr.  A.  A.  Blair  in 
the  reports  of  the  U.  S.  Testing  Board.  It  is  the  acetate  of  soda 
process,  with  great  precautions  taken  to  insure  the  freedom  of  the 
final  precipitate  from  oxide  of  iron  and  alkali. 

My  general  conclusions  from  this  investigation  are  : 

1.  That  the  manganese  in  this  particular  plate  of  steel  is  not  above 
0.41  per  cent.,  and  is  probably  between  0.33  and  0.38. 

2.  That  both  the  acetate  and  the  nitric  acid  processes  are  capable 
of  giving  correct  results,  if  properly  handled,  and  if  proper  precautions 
are  taken  to  insure,  first,  that  all  the  manganese  is  precipitated; 
and,  secondly,  that  the  final  precipitate  is  not  contaminated  with 
alkali  and  oxide  of  iron. 

3.  That  the  sources  of  error  in  the  acetate  process  are  very  much 
larger  than  in  the  nitric  acid  process,  and  the  errors  in  the  former 
are  apt  to  be  so  large  as  to  render  the  analysis  utterly  untrustworthy 
and  misleading.  In  this  category  I  would  place  results  Nos.  2,  3, 
4,  5,  17,  and  18. 

4.  That  the  possibilities  of  error  in  the  acetate  j)rocess  are  not  yet 
fully  appreciated  by  many  chemists  of  large  experience  and  reputa- 
tion. 

5.  That  the  whole  sidiject  of  manganese  determinations  ought  to 
bo  made  the  subject  of  a  reinvestigation  b}'  the  great  body  of  chem- 
ists, to  the  end  of  discovering  a  new,  or  perfecting  an  old,  method, 
such  that  by  it  any  chemist  of  ordinary  ability  could  obtain  results 
which  a  manufacturer  could  depend  upon  to  be  accurate  within  a 
reasonable  limit,  say  .05  of  one  per  cent. 

I  must  express  my  thanks  to  the  gentlemen  who  have  kindly 
aided  me  in  this  investigation,  some  of  whom  are  members  of  the 
Institute,  although  I  am  not  at  liberty  to  give  their  names. 

DISCUSSION. 

Ur.  T  M.  Drown,  Easton,  Pa.:  I  am  sure  that  all  chemists  and 
steel  manufacturers  will  feel  very  grateful  to  Mr.  Kent  for  the  pres- 
entation of  this  very  valiiabh;  "symposium"  on    manganese  deter- 
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minations.  I  think  I  recognize  myself  in  his  paper  under  the  letter 
"  D."  The  determinations  quoted  were  made,  as  stated,  by  my  assist- 
ant, Mr.  P.  W.  Shiraer,  and  I  give  in  detail  the  process  used  by  him : 

Weigh  out  1  to  1.5  grams  of  the  borings  into  a  small  beaker,  and 
dissolve  in  nitric  acid  (sp.  gr.  1.2).  Evaporate  nearly  to  dryness,  and 
heat  in  an  air-bath  at  140°  C.  for  three  to  four  hours.  Redissolve 
in  hydrochloric  acid  (sp.  gr.  1.12);  filter  into  a  large  beaker,  and 
evaporate  the  filtrate  to  a  very  small  bulk.  Allow  the  solution  to 
become  cold,  and  add  sodium  carbonate  solution  till  a  slight  per- 
manent precipitate  remains  after  allowing  the  solution  to  stand  a  few 
miflutes.  Then  add,  drop  by  drop,  just  enough  acetic  aciil  (sp. 
gr.  1.04)  to  redissolve  this;  and,  finally,  10  to  12  c.c.  more  acetic 
acid  and  200  c.c.  cold  water.  6  to  8  grams  of  sodium  acetate  are 
now  added,  and,  when  solution  of  the  acetate  is  complete,  water 
is  poured  in  until  the  bulk  of  the  solution  is  1.5  liters.  Boil  for  five 
minutes,  allow  the  precipitate  to  settle  completely,  filter  through  a 
large  ribbed  filter,  and  wash  a  few  times  with  hot  water.  The 
filtrate  is  evaporated  to  a  small  bulk  (200  to  300  c.c),  and  contains 
the  greater  part  of  the  manganese.  Throw  the  precipitate  with  the 
filter  into  the  beaker  in  which  the  precipitation  was  made,  and  add 
enough  hydrochloric  acid  to  redissolve  it.  After  filtering,  evaporate 
the  solution  to  get  rid  of  the  excess  of  acid,  and  make  another  basic 
acetate  separation  precisely  as  before.  The  filtrate  from  this  second 
preci[)itation  contains  the  remainder  of  the  manganese,  and  is  like- 
wise evaporated  to  a  small  bulk.  If,  in  evaporating  either  of  the 
manganese  filtrates,  a  precipitate  separates,  this  must  be  filtered  off, 
dissolved  in  hydrochloric  acid,  and  a  basic  acetate  separation  made; 
the  filtrate  is  added  to  the  main  filtrates.  The  combined  filtrates  are 
concentrated  to  a  bulk  of  300  c.c.  Bromine-water  is  added  to  the 
hot  solution,  which  need  not  be  heated  to  boiling.  The  solution  is 
kept  hot  and  bromine- water  added  occasionally  for  two  or  three 
hours,  water  being  added  to  replace  that  lost  by  evaporation.  The 
precipitated  oxide  of  manganese  is  filtered,  washed  thoroughly  with 
hot  water,  dried,  ignited,  and  weighed  as  MngO^.  When  much 
manganese  is  present,  the  precipitate  by  bromine  is  redissolvcd  in 
hydrochloric  acid,  and  precipitated  by  sodium  phosphate  with  the 
usual  precaiitions. 

Since  these  analyses  were  made  Mr.  Shimer  has  investigated  the 
effect  of  the  filter-paper  on  the  determinations.  Two  filters  were 
used  in  the  process,  of  unwashed  Swedish  (No.  2)  paper,  and  he  has 
found  that  this  paper  contains  enough  manganese  to  appreciably 
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affect  the  result  when  working  on  one  gram  of  steel.  By  working 
a  blank  analysis  a  precipitate  was  obtained  by  bromine,  which  had 
appreciable  weight,  and  gave  a  manganese  reaction.  Further  ex- 
periments showed  that  the  manganese  in  solution  had  its  origin  in 
the  filter-paper.  It  would,  therefore,  seem  necessary,  where  great 
accuracy  is  required,  to  make  a  "dummy"  analysis  for  a  correction 
of  the  amount  of  manganese  found.  In  the  case  under  considera- 
tion this  correction  would  have  probably  reduced  the  percentage  of 
manganese  from  0.45  per  cent,  to  0.40  per  cent.  Subsequent  deter- 
minations of  the  manganese  in  this  steel  were  made  by  Mr.  Shinier 
by  the  method  described  by  Mr.  Ford  (nitric  acid  and  potassium 
chlorate)  with  the  following  results:  0.387  and  0.390  per  cent. 

Dr.  C.  B.  Dudley,  Altoona,  Pa.:  The  results  obtained  by  Mr. 
Kent  on  the  determinations  of  manganese,  in  the  same  sample  of 
steel,  by  different  chemists,  are  certainly  very  interesting,  and  show, 
as  it  seems  to  me,  that  there  is  great  need  of  the  matter  being  thor- 
oughly investigated,  and  some  method  agreed  upon  which  shall,  in 
different  hands,  give  uniform  results.  The  method  which  I  follow 
is  in  use  at  the  Sheffield  Scientific  School  at  New  Haven,  unless 
their  practice  has  been  modified  within  two  or  three  years.  I  make 
no  claim  to  originality  in  it  in  any  place  whatever.  The  method  is 
as  follows : 

Work  on  three  grams  of  steel.  Dissolve  in  aqua  regia  (2  parts 
HCl  to  1  part  IINOj),  using  50  cc,  and  evaporate  to  dryness. 
Take  up  in  50  cc.  hydrochloric  acid  and  evaporate  one-half  or  two- 
thirds  of  this.  Allow  the  solution  to  cool,  dilute  to  about  150  cc. 
and  filter.  Next  make  a  basic  acetate  separation  of  the  iron  as  fol- 
lows. Nearly  neutralize  with  carbonate  of  soda,  then  add  30  cc  of 
acetic  acid  and  25  grams  of  acetate  of  soda ;  dilute  to  about  a  liter,  and 
boil  for  about  three  minutes.  Then  pour  the  solution  and  precipi- 
tate into  a  tall  graduate<l  beaker,  holding  about  1800  cc;  fill  up 
with  warm  water  to  about  that  point;  mix  thoroughly  by  stirring, 
and  allow  the  precipitate  to  subside.  When  it  has  well  settled 
siphon  off  three-fifths  or  two-tliirds  of  the  clear  solution  and  evaporate 
this  down  to  about  300  or  400  cc.  Next  neutralize  with  carbonate 
of  soda,  and  then  add  caustic  soda  and  boil  a  few  minutes.  This 
throws  down  all  the  metallic  oxides  in  tlie  solution.  Filter,  wash 
thoroughly,  and  dissolve  the  precipitate  in  the  smallest  amount  of 
concentrated  hydrochloric  acid.  This  may  be  done  by  spreading 
the  filter  out  on  a  large  watch-glass  and  dropping  the  acid  on  to  it, 
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or  by  putting  the  filter  in  a  beaker  and  adding  the  acid.  After  solu- 
tion is  complete  add  a  few  cubic  centimeters  of  water  and  filter, 
washing  well.  Then  make  a  second  basic  acetate  separation,  to  re- 
move the  last  traces  of  iron.  In  this  separation  the  addition  of  car- 
bonate of  soda  is  carried  a  little  past  the  neutral  point,  so  as  to  ob- 
tain a  small  precipitate.  If  there  is  not  enough  iron  present  to  give 
a  precipitate  a  drop  of  chloride  of  iron  is  added.  The  precipitate  is 
dissolved  in  dilute  hydrochloric  acid,  and  enough  acid  added  so  that 
there  is  an  amount  about  equal  to  one  drop  of  free  concentrated  hy- 
drochloric acid  in  the  solution.  The  volume  of  the  solution  need 
not  be  over  50  c.c.  to  75  c.c.  Now  add  2  grams  of  acetate  of  soda 
and  boil.  Filter  into  a  flask  holding  about  a  liter,  dilute  to  nearly 
that  volume,  warm  to  about  80°  C,  and  add  bromine-water  to  dis- 
tinct red  coloration.  The  precipitate  forms  after  a  short  time,  and,  if 
desired,  the  solution  may  be  allowed  to  stand  at  a  moderate  temper- 
ature— say  from  30°  to  40°  C. — until  the  bromine  has  disappeared, 
before  filtration.  Filter  and  wash  thoroughly  with  hot  water,  then 
test  the  filtrate  wiih  more  acetate  of  soda  and  bromine-water  to  see 
if  the  manganese  is  all  down.  If  any  more  comes  down  it  of  course 
should  be  added  to  the  first.  The  precipitate  is  dried,  ignited  over 
the  blast-lamp,  and  weighed  as  MugO^. 

In  my  judgment  the  two  basic  acetate  separations  in  the  method 
described  above  are  the  critical  points  in  the  operation.  In  the  first 
separation  the  main  point  is  not  to  lose  any  manganese.  It  is  im- 
material whether  the  iron  is  all  separated  or  not,  since  there  is  an- 
other operation  for  that  purpose.  But  if  manganese  is  lost  at  this 
point  an  inevitable  error  of  course  results.  In  this  method  the  pres- 
ence of  acetic  acid  is  relied  on  to  prevent  the  loss  of  manganese.  I 
am  aware  that  there  are  good  chemists  who  neutralize  the  solution 
and  do  not  use  acetic  acid  at  this  point.  But  the  results  of  direct 
experiments  made  at  the  Sheffield  Scientific  School  go  to  show  that 
if  there  is  not  enough  free  acetic  acid  present,  with  a  single  separa- 
tion, loss  of  manganese  results.  On  the  other  hand,  the  same  exper- 
iments show  that  if  the  amount  of  free  acetic  acid  is  too  great  the 
iron  is  not  all  separated.  In  the  first  separation,  therefore,  since 
it  is  immaterial  whether  all  the  iron  is  separated  or  not,  it  is  only 
essential  that  there  be  enough  acetic  acid  present  to  prevent  loss 
of  manganese.  In  a  solution  of  about  700  to  800  c.c.  volume,  it  is 
believed,  as  the  result  of  experiment,  that  30  c.c.  of  acetic  acid  is  suffi- 
cient to  accomplish  this  result.  The  second  basic  acetate  separation 
is  even  more  critical  than  the  first.     Here  there  must  be  acetic  acid 
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enough  present  to  prevent  loss  of  manganese,  and  not  so  much  as  to 
hold  up  the  iron.  As  the  result  of  considerable  experience  and  a 
number  of  tests,  I  am  inclined  to  think  that  if  the  directions  given 
above  are  closely  followed,  the  errors  in  either  direction  will  be 
small.  I  have  a  number  of  times  examined  the  precipitate  of  iron 
from  this  separation  for  manganese  and  have  never  found  any  ;  and, 
on  the  other  hand,  I  have  repeatedly  examined  the  manganese  oxide, 
after  weighing,  for  iron,  and  only  rarely  have  I  found  it. 

These  remarks  apply  to  the  determination  of  manganese  in  iron 
and  steel,  where  the  manganese  rarely  amounts  to  one  per  cent.  I 
have  had  almost  no  experience  with  spiegels,  and  cannot  say  how 
well  the  directions  given  apply  to  them.  It  may  be  thought 
that  in  taking  an  aliquot  part  of  the  solution  from  the  tall  gradu- 
ated beaker  the  space  occupied  by  the  precipitate  in  the  bottom  of 
the  beaker  introduces  some  error.  But  direct  experiments  made  in 
the  Sheffield  School  show  that  the  error  from  this  cause  is  no  greater 
•  than  that  which  arises  where  the  basic  acetate  precipitate  is  filtered, 
owing  to  the  difficulty  of  completely  washing  the  large  iron  precipi- 
tate. 

I  may  add  that  I  have  made  a  few  experiments  with  the  method 
described  by  Mr.  Ford  and  have  obtained  results  agreeing  very 
closely  with  those  obtained  by  the  above  method. 


NOTE  ON  THE  FALLING  CLIFF  ZINC  MINE. 

BY  F,    P.    DEWEY,  WASHINGTON,   D.  C. 

The  Falling  Cliff  Mine  adjoins  on  the  west  the  Bertha  Mine, 
from  which  a  large  amount  of  first-class  ore  has  been  taken,  pro- 
ducing the  purest  zinc  known  to  commerce.  The  two  mines  are  in 
the  same  hill,  Bertha  being  on  the  northern  slope  and  Falling  Cliff 
on  the  top  and  opjiosite  slope.  The  formation  is  No.  2  limestone. 
Although  considerable  exploration  has  been  done  by  numerous  shafts 
and  tunnels  (there  being  over  six  hundred  feet  of  the  latter),  no  satis- 
factory determination  of  the  dip  and  strike  of  the  vein  could  be 
made  on  account  of  its  contortions,  the  ore  descending  from  the  top 
to  the  bottom  of  the  tunnels  and  rising  again  in  very  short  dis- 
tances ;  but  enough  has  been  done  to  indicate  a  very  large  mass  of 
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ore.  The  general  character  of  the  ore  is  similar  to  that  in  the  Bertha 
Mine,  being  a  silico-carbonate,  with,  perhaps,  a  larger  proportion  oi' 
carbonate  than  in  the  Bertha.  The  quality  is  excellent,  as  shown 
by  the  following  analyses.  No.  1  and  No.  2  are  from  different  parts 
of  the  same  shaft,  which  descended  through  twenty  feet  of  ore  with- 
out bottoming  on  rock ;  No.  3  is  /rora  a  second  shaft : 


I. 

II. 

III. 

Silica,       .          .          .          . 

.     24.47 

7.07 

4.83 

Ferric  oxide,  . 

.       2.10 

1.44 

4.07 

Alumina, 

.       L24 

0.66 

0.14 

Manganese  oxide,    . 

.       0.16 

0.11 

0.21 

Zinc  oxide. 

.     61.84 

61.99 

59.88 

Lime, 

.       0.53 

016 

0.57 

Magnesia, 

.       0.21 

0.21 

0.35 

Carbonic  acid. 

.       1.80 

25.88 

29.07 

Water,     . 

.       8.27 

2.58 

1.46 

100.62  100.10  100.58 

Very  careful  tests  failed  to  detect  any  tin,  arsenic,  antimony,  lead, 
copper,  bismuth,  or  cadmium  in  the  ore,  although  by  assay  a  small 
amount  of  silver  was  found  in  each,  and  the  gangues  of  No.  1  and 
No.  2  contained  a  little  lead  and  considerable  barytes. 

The  development  of  this  mine  is  very  much  retarded  by  tlie  lack 
of  transportation  facilities,  the  nearest  point  on  a  railway  being 
Martin's  Station,  on  the  Norfolk  and  Western  Railroad,  fifteen  miles 
away  ;  but  it  is  hoped  that  this  drawback  will  soon  be  removed. 


ON  THE  FILTRATION  OF  WATER  FOR  INDUSTRIAL 
PURPOSES. 

BY  P.    BARNES,    SPRINGFIELD,    ILLINOIS. 

The  complete  and  accurate  filtration  of  water  (if  the  word  accu- 
rate may  be  thus  used)  for  the  feeding  of  boilers,  and  for  many 
similar  industrial  purposes,  although  somewhat  practiced  both  at 
home  and  abroad,  has  been  by  no  means  common.  Even  if  the  exact 
line  cannot  be  defined  at  which  filtration  begins  to  be  called  for,  and 
will  be  found  profitable,  it  is  certain  that  in  a  large  number  of  cases  it 
may  be  employed  with  real  advantage  in  the  economy  of  fuel,  and  also 
in  the  greater  durability  of  the  boiler  or  other  form  of  apparatus  in 
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connection  with  which  the  water  may  be  used.  It  may  be  carried 
on  without  any  attendant  disadvantage  of  costly  apparatus,  or  of 
complex  fixtures  of  any  kind,  which  are  liable  to  get  out  of  repair, 
perhaps  at  the  time,  of  all  others,  when  their  service  is  most  urgently 
needed. 

No  special  form  of  apparatus  need  be  mentioned  in  this  paper,  nor 
need  there  be  any  reference  to  other  kinds  or  types  of  fixtures  than 
the  time-honored  device  of  an  open  sand-filled  tank  or  basin.  A 
brief  discussion  of  these  familiar  details  may  serve  to  set  forth  the 
principles  involved,  and  the  entire  practicability  of  applying  them 
to  the  water-supply  of  nearly  all  kinds  of  industrial  work.  The 
general  character  of  this  discussion  is  the  more  desirable  because  the 
waters  of  different  localities  vary  so  widely,  and  so  also  do  the  ma- 
terials which,  being  found  near  at  hand,  can  alone  be  used  profitably 
in  the  filtering  apparatus. 

It  is  too  often  supposed  that  a  filter  of  any  kind  is,  and  must 
necessarily  be,  only  a  hopeless  annoyance  and  perplexity  to  the 
workmen  v.'ho  have  charge  of  it;  but  this  comes  chiefly  from 
using,  or  attempting  to  use,  a  filter  far  too  small  for  the  work,  or 
else  from  some  error  in  arrangement  that  ought  to  be  discovered  and 
corrected.  Sometimes  the  effort  is  made  to  combine  the  work  of 
filtration  with  that  of  heating  the  water,  if  it  be  used  for  boilers,  or 
possibly  with  the  storage  of  the  water  in  some  tank  of  trifling 
capacity.  In  many  cases  the  filter  is  set  in  some  inclosed  space,  as 
an  engine  or  boiler-room,  where  the  interruption  of  cleaning  becomes 
a  genuine  annoyance  to  all  concerned. 

If  a  simple  mechanical  sifting  alone  be  attempted,  and  in  most 
cases  this  is  all  that  can  be  brought  within  the  limit  of  admissible 
cost,  then  the  problem  becomes  really  a  very  elementary  one,  and 
need  not  involve  any  more  than  the  plainest  forms  of  apparatus,  and 
the  simplest  kind  of  manipulation  for  the  securing  of  useful  and  very 
perfect  results.  These  plain  and  even  rude  appliances  are  in  fact 
the  ones  which  alone  can  endure  the  inevitable  rough  handling  and 
all  the  usual  exigencies  of  this  class  of  work. 

This  discussion  should  include  : 

1.  A  description  of  the  basin  or  inclosure  for  holding  the  filter- 
ing medium,  and,  if  needful,  for  the  storage  of  the  water  after  the 
filtration. 

2.  A  note  of  the  method  of  putting  in  the  materials  used  for  the 
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filter-bed,  as  adapted  to  the  wide  variety  from  which  selection  may 
have  to  be  made,  and  also  to  the  ordinary  character  of  tlie  water  to 
be  treated. 

3.  An  explanation  of  the  simple  method  of  working  under  ordi- 
nary circumstances. 

4.  A  description  of  the  method  to  be  employed  in  cleaning  the 
filter,  this  being  almost  the  sole  working  cost  of  the  operation,  for 
the  first  cost  of  construction  may  be  kept  within  so  moderate  a  limit 
that  the  interest  charge  upon  it  will  be  trifling. 

1.  The  filter-basin  or  tank  should  be  divided  at  least  into  two 
parts,  so  that  one  may  be  at  all  times  ready  for  service.  If  the  water 
is  likely  sometimes  to  be  heavily  charged  with  mud,  a  larger  number 
of  compartments  become  needful,  for  the  time  needed  for  cleaning 
is  thus  increased,  and  it  is  then  all  the  more  desirable  that  the 
apparatus  in  which  the  water  is  to  be  used  shall  be  always  definitely 
protected  from  injury  by  the  mud  brought  in  from  the  source  of 
supply.  These  compartments  should  be  of  ample  size,  for  the  filter- 
ing process  to  be  perfect  must  be  carried  on  slowly.  The  mechanical 
sifting  out  of  the  fine  impurities  can  only  be  done  by  passing  the 
water  through  a  fine-grained  or  dense  medium,  and  hence  the  move- 
ment of  the  water  through  this  medium  must  necessarily  be  slow. 
If  space  can  be  found,  very  large  basins  are  desirable,  although  useful 
results  are  obtained  in  tanks  of  quite  limited  size.  The  outline  may 
suit  the  space  which  can  be  devoted  to  the  basin  or  tank,  being  either 
rectangular  or  circular  as  may  be  needful. 

The  choice  of  location  for  the  filter-bed  may  be  made  to  suit  the 
exigencies  of  any  given  case.  The  basins  may  be  put  at  the  source 
of  supply,  perhaps  at  a  distance  from  the  Avorks,  the  clean  water 
alone  being  brought  through  the  pipes.  On  some  rivers  the  material 
of  the  bank  itself  is  found  to  be  an  admirable  filtering  medium,  so 
that  the  cutting  or  sinking  of  a  plain  trench  in  this  material  fills  the 
whole  requirement.  Some  filter  "galleries,"  on-an  extended  scale, 
have  been  thus  made  witli  excellent  results.  In  some  cases  wells 
have  been  sunk  by  the  side  of  a  canal,  and  from  them  very  pure 
water  has  been  drawn  in  ample  quantity,  which,  if  taken  direct  from 
the  muddy  canal,  would  have  been  subject  to  a  water  tax,  as  well  as 
wholly  unfit  for  the  required  purpose. 

If  an  open  basin  be  employed,  a  screen  should  be  so  placed  as 
to  intercept  leaves  and  similar  material,  so  that  they  may  not  be 
widely  scattered  and  more  troublesome  to  remove.  The  inlet-pipe 
should  be  led  in  above  the  usual  water-level,  so  that  the  amount. 
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and  cliaracter  as  to  cleanliness  of  the  supply  may  be  constantly 
observed.  The  outlet  is  necessarily  led  away  at  the  bottom  of  the 
tank,  and  it  should  have,  at  the  nearest  practicable  point  to  the  filter, 
an  open  discjiarge,  from  one  pipe  into  another,  or  into  a  storage 
reservoir,  so  that  the  purity  and  the  amount  of  flow  may  be  approxi- 
mately noted  at  a  glance.  The  volume  of  water  passing  the  filter 
will  obviously  diminish  as  the  sand  surface  becomes  saturated  or 
filled  with  mud  or  silt,  and  thus,  by  the  flow  from  an  open  outlet, 
the  con^parative  condition  of  the  filter  may  at  once  be  noted. 

2.  Tiie  material  and  method  of  filling  must  be  suited  to  the  water 
which  is  j)assing.  One  grade  of  fineness  of  the  surface  may  be  quite 
sufficient  at  one  season  of  the  year  and  doubtful  or  imperfect  at 
another.  At  the  bottom  of  the  basin  a  layer  of  tiles,  or  coarsely 
broken  rock,  should  be  laid,  so  that  an  ample  and  uniform  outlet 
may  be  had  for  the  water  from  all  parts  of  the  surface  area.  This 
tile  bottom  may  serve  also  a  useful  purpose  in  the  storage-room, 
which  it  furnishes  for  the  clean  water.  For  the  next  layer  coarsely 
broken  brick,  ore,  slag,  or  coke  should  be  used,  or,  indeed,  any  mate- 
rial which  will  not  become  softened  by  soaking  in  the  water,  and 
which  is  of  a  rather  rough  or  angular  character  in  its  fracture.  The 
next  layers  may  be  of  the  same  material  more  finely  crushed,  so 
that  at  length,  at  the  upper  surface,  the  whole  shall  be  nearly  or 
quite  like  a  fine  sand,  such  as  will  pass  a  forty  or  sixty  n^esh  screen- 
This  method  of  filling  affords  in  the  best  possible  way  the  oj)por- 
tunity  of  correcting  any  imperfect  working,  for,  by  changing  from 
one  filter-bed  to  the  alternate,  the  first  may  be  repacked,  or  a  finer 
material  may  be  put  on  as  needed,  until  the  required  result  is  reached. 

At  any  iron  works  one  of  the  best  of  all  materials  is  usually  to 
be  found,  viz.,  hard  coke,  which,  when  crushed  fine,  resembles  very 
closely  the  animal  charcoal  so  universally  employed  for  the  finest 
filtering,  either  for  household  service  or  for  the  higher  class  of  manu- 
facturing. In  few  words,  almost  anything  can  be  made  to  serve  as 
filtering  material  which  can  be  crushed  fine  enough  to  act  as  a 
mechanical  barrier  to  the  sediment  or  mud  borne  by  the  water,  and 
there  are  very  few  works  or  regions  in  which  fsome  kind  of  ro(rk 
cannot  be  obtained. 

3.  In  the  working  of  the  filter,  the  uniform  downward  soaking 
away  of  the  water  alone  needs  to4)e  provided  for.  For  this  pnrj>ose 
the  water  should  be  as  uniformly  distributed  as  possible,  and  should 
be  led  on  to  the  filter  very  (piietly.  To  j^revent  any  disturbance  of 
the  fine  sand  surface,  a  quantity  of  coarser  rock  or  sand  should  be 
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spread  to  break  the  fall  or  flow  of  the  entering  water,  or  a  simple 
timber  or  plank  apron  may  be  laid.  This  method  of  filtration  is 
obviously  suited  to  the  cleansing  of  any  quantity  of  water,  whether 
small  or  large,  up  to  the  maximum  capacity  of  the  filter.  The 
smallest  quantity  is  as  perfectly  dealt  with  as  the  largest,  and  the 
whole  apparatus  need  suffer  no  material  injury  from  any  probable 
standing  for  a  time  unused. 

In  some  climates  an  open-basin  filter  would  be  subject  to  freezing, 
and  thus  to  a  complete  stopping.  As  soon,  however,  as  the  area  or 
number  of  basins  required  for  any  given  establishment  has  been 
determined,  a  simple  shed  or  inclosing  roof  can  be  erected  at  no 
great  cost,  which,  with  the  constant  flow  of  the  water,  will  be  found 
ample  to  prevent  obstruction  from  freezing.  In  extreme  cases  the 
tanks  or  basins  must  be  fully  inclosed  in  frost-proof  casings,  or 
placed  inside  of  some  permanent  building  which  can  afford  the 
needful  protection. 

No  method  of  dealing  with  the  waste  water  from  a  manufacturing 
establishment  is  so  effective  as  filtration,  so  far  as  freeing  it  from 
impurities  held  in  suspension  are  concerned.  When  elements  held 
in  solution  must  be  removed  or  neutralized,  the  problem  becomes  a 
difficult  one,  and  its  solution,  in  the  large  majority  of  cases,  quite 
passes  the  limit  of  admissible  cost. 

4.  The  gradual  diminution  of  the  outward  flow  from  the  filter- 
bed,  at  the  open  discharge  pipe  referred  to,  gives  all  needed  warning 
of  the  choking  or  filling  up  of  the  surface  of  the  sand  stratum  at  the 
top.  When  this  has  reached  the  fixed  limit,  the  flow  of  water  is 
turned  into  one  of  the  duplicate  basins,  and  the  first  is  suffered  to 
become  empty  and  to  dry  away  for  cleaning.  As  a  rule,  the  mud 
and  other  obstructing  sediment  will  not  be  found  to  penetrate  deeply, 
and  hence  the  removal  by  scraping  or  shovelling  of  a  thin  layer  from 
the  surface,  of  from  one  to  three  inches,  will  be  found  to  restore  quite 
fully  the  flow  of  water  when  it  is  again  turned  through  the  filter. 
Care  must  be  taken  in  this  shovelling  or  scraping  that  none  of  the 
silt  material  is  rammed  or  "puddled"  into  the  crevices  of  the  sand 
which  remains,  for  few  things  of  its  kind  are  more  in] pervious  to 
still  water  than  a  stratum  of  "puddled"  clay  or  similar  material. 
If  time  enough  be  taken  to  let  the  water  soak  away  quite  completely 
from  the  filling,  then  the  saturated  surface  can  be  very  readily 
shovelled  off  and  removed.  More  of  the  surface  material  can  then 
be  spread,  or  the  water  turned  on  at  once,  in  case  the  top  layer  was 
originally  made  thick  enough  to  permit  several  cleansings  without 
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removal  or  replenishing.  The  sand  may  be  washed  and  returned  if 
it  be  at  all  in  scanty  supply;  but  if  crushed  coke  be  used,  its  rough 
surfaces  will  eventually  become  so  charged  or  coated  with  mud  as 
to  render  it  unfit  for  use. 

It  has  been  remarked  that  the  cost  of  this  cleaning  is  really  the 
sole  working  expense  attending  the  use  of  this  class  of  filtering 
apparatus,  and  this  cost  need  not  be  great,  or  indeed  more  than  quite 
trifling.  The  filter  must  be  of  the  primitive  type  thus  described  in 
order  that  the  common  labor,  which  alone  can  be  charged  with  the 
detail  of  such  thing-s,  shall  make  no  mistake  in  the  refilling  or  the 
cleaning  required. 

An  important  though  indirect  advantage  attending  the  use  of  a 
filter  which  has  no  connection  with  the  work  of  heating  the  water 
treated  in  it,  is  that  the  laying  off  for  cleaning  may  be  done  at  any 
time,  provided  only  that  a  separate  compartment  is  so  arranged  that 
the  flow  may  be  turned  through  it  without  any  delay.  It  is  obviou?- 
enough  that  duplicate  filter-heaters  may  be  provided,  but  as  a  rule 
they  are  not,  and  hence  the  needed  cleaning  of  the  filter  compartment 
must  be  done  when  the  heater  can  be  spared  or  is  idle,  as  on  a 
Sunday.  This  necessity  is  liable  to  lead  to  the  running  of  the  filter 
longer  than  it  should  be  run,  and  to  a  general  haste  and  imperfect 
cleaning  when  finally  it  is  attempted.  This  ends  at  length,  or  is 
very  likely  to,  in  an  imperfect  working  of  the  whole  apparatus,  and 
a  complete  abandonment  of  the  attempt  to  filter  the  water  at  all. 
If,  on  the  other  hand,  ample  filtering  appliances  are  provided,  of  the 
elementary  type  described,  then  the  barrier  thus  erected  for  the  pro- 
tection of  the  higher  classes  of  apparatus,  from  sand  and  debris  of 
all  kinds,  is  rendered  very  complete  and  permanent. 

Sometimes,  too,  an  unexpected  deluge  of  mud  is  brought  in  through 
the  water-supply,  which,  in  a  very  short  time,  and  almost  wholly 
without  notice,  fills  up  solid  the  pipes,  pumps,  and  heaters,  and  even 
finds  its  way  into  tuyere  pipes  and  into  boilers  in  hurtful  quantities. 
Against  such  damage  as  this,  no  guard  can  be  maintained  so  effective 
as  that  of  an  open  filter  of  ample  area  and  fitted  with  these  plain 
attachments.  If  the  water  needed  for  boilers  is  at  all  charged  with 
oily  matter,  a  good  sand  filter  may  be  relied  upon  to  remove  a 
large  part  of  this  hurtful  element,  which,  in  many  instances,  has 
led  to  the  formation  in  the  boiler  of  a  flocculent  deposit  upon  the 
more  liiglily  heated  plates,  and  to  their  serious  injury  by  its  non- 
conducting power. 

Careful  attention  has  been  given  to  this  subject  by  railroad  mana- 
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gers  for  the  protection  of  their  locomotives,  but,  as  the  quantity  con- 
sumed in  this  service  is  comjjaratively  small,  an  important  part  of 
the  purification  of  the  water  may  be  effected  by  giving  it  time  to 
settle  in  a  tank.  There  still  remains,  however,  even  after  the  matter 
mechanically  suspended  has  been  wholly  removed,  the  frequent 
presence  of  salts  of  lime  held  in  solution,  and  the  incrustations  due 
to  these  are  often  exceedingly  troublesome  to  deal  with.  They  are 
such,  too,  as  cannot  be  eliminated  except  by  heating,  and  then  only 
in  part;  but  these  methods  of  purification  at  best  are  costly,  and 
quite  apart  from  the  purpose  of  the  present  paper. 

In  the  first  study  of  a  location  for  a  large  works,  the  quantity  of 
water  is  usually  the  first  question  to  be  considered,  while  the  quality 
is  held  as  secondary.  This  may  be  the  more  safely  permitted  if  care 
be  taken,  in  the  outfit  of  the  works,  to  provide  the  filtering  fixtures 
needed  to  restore  the  quality  of  the  water,  if  doubtful  or  bad,  to  a 
normal  and  reasonable  standard.  In  any  case,  the  cost  of  this  part 
of  the  general  apparatus  may  very  justly  be  taken  as  an  investment 
for  the  insurance  of  the  more  costly  parts  of  the  niachinery  against 
one  of  the  causes  of  injury,  from  which  delay  and  damage  may  result. 
In  all  the  strictly  modern  works  improved  appliances  are  to  be 
found  in  many  of  the  dej)artments,  and  improved  methods  of  working 
are  continually  sought  for  and  adopted.  The  use  of  filtered  water, 
when  it  can  be  had  at  so  trifling  and  quite  nominal  a  cost,  is  one  of 
these  stej)s  in  advance  in  the  management  of  the  great  masses  of 
steam  and  other  machinery  of  the  present  day,  and  it  is  worthy  of  a 
more  careful  consideration  and  more  frequent  adoption  than  it  has 
received.  With  the  tendency  to  constant  advance  in  steam  pressures, 
in  temperatures  in  and  around  furnace  pipes  and  fixtures,  and  in  the 
crowding  and  driving  of  hydraulic  machinery  in  general,  there  is 
need  of  the  use  of  the  very  best  water  supply  that  can  be  had,  for 
the  best,  whether  from  natural  or  artificial  sources,  is  in  no  way  too 
good  for  the  intense  .service  required 
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Local  Committee  of  Arrangements. 

Henry  McCormick,  Chairman;  David  Watt?,  Secretary;  H.  H.  Campbell, 
A  S.  McCroatli,  S  H.  Cliauvenet,  C.  E.  Stafford,  George  S.  Comstock,  Jones 
Wister,  E.  C.  Felton,  F.  W.  Wood,  Harvey  Fisher. 

Citizens'  Reception  Committee. 

Governor  H.  M.  Hoyt,  Hon.  John  C.  Herman,  Hon.  Simon  Cameron,  Hon.  J. 
D.  Cameron,  W  T.  Hildrup,  Charles  L.  Bailey,  W.  W.  Jennings,  Lane  S. 
Hart,  H.  H.  Carter,  Gilliard  Dock,  T.  T  Wierman,  Jr.,  James  Boyd,  D  L. 
Jauss,  Dr.  T  J.  Dunott,  S.  C.  Gilbert,  William  J  Eose,  James  Lynah,  Dr. 
H.  B  Buehler,  V/illiam  B.  Lamberton,  John  Wister.  G.  M.  McCauley.  David 
Fleming,  John  Q.  Denney,  M.  E.  Olmsted,  H.  S.  Gross,  ^enry  Gilbert.  John  B 
McPherson,  Lyman  D.  Gilbert,  F.  W.  Forman,  L.  S.  Bent,  A.  J.  Dull,  F.  R. 
Leib,  Dr.  G.  W.  Reily,  James  McCormick. 

The  opening  session  of  the  meeting  was  held  in  the  hall  of  the 
Young  Men's  Christian  Association,  on  Tuesday  evening,  October 
25th.  Mr.  Jones  Wister,  of  the  Local  Committee  of  Arrangements, 
introduced  the  Hon.  John  C.  Herman,  mayor,  who,  in  a  brief  ad- 
dress, extended  to  the  members  present  a  welcome  to  the  city  of 
Harrisburg ;  Lieutenant-Governor  Stone  made  an  address  of  wel- 
come on  behalf  of  Governor  Hoyt  and  the  Commonwealth  of  Penn- 
sylvania. 

President  Metcalf  responded,  on  behalf  of  the  Institute,  to  the 
cordial  addresses  of  the  mayor  and  lieutenant-governor. 

The  following  persons  proposed  for  members  and  associates  of  the 
Institute,  and  recommended  by  the  Council,  were  unanimously 
elected  :* 

MEMBEEIS. 


Willian»  F.  Aldrich, 
George  H    Blake, 
L.  Bertram  Cady, 
John  B.  Church, 
Walters.  Church,     . 


Montevallo,  Shelby  Co.,  Ala. 
Steelton,  Dauphin  Co.,  Ph. 
Salisbury,  N.  C. 
Pottsville,  Pa. 
Pottdvillo,  Pa. 


I<>ank  L   Clark,         ....     Pittsburgh,  Pa. 

*  In  the  following  list  are  included  those  elected  at  a  subsequent  session  of 
this  mei'ling. 
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Thomas  H.  Clark,      . 
George  M.  Davidson,  Jr., 
Edward  S.  Davies, 
Henry  C.  Davis, 
John  M.  Desloge, 
John  Endov, 
C.  B.  Finlcy,      . 
John  J.  Fisher, 
Henry  Fulton,  . 
William  11.  George, 
William  Glenn, 
David  S.  Goddard, 
Henry  S.  Gross, 
James  F.  Hall,  . 
Professor  Edward  Hart, 
Henry  Y.  Haws, 

E.  P    Hemtnway, 

F.  C.  Hoi  man,   . 
GrifBth  Jones,  . 
Hugh  Kennedy, 
Daniel  King, 
Frank  J.  Kramer, 
John  C.  Lonir,  . 
John  A.  JlcGuffin, 
William  ;M.  JIarple, 
Jose|ih  Morgan,  Jr., 
Henry  G.  Morse, 
Knight  Neftol,  . 
Thomas  B.  Michols, 
William  J.  Nicolls, 
Webster  Norris, 
H.  C.  Perkins,    . 
Robert  Pitcairn, 
E.  Windsor  Pvichards 
Thomas  A.  Koberts, 
H.  Schulze-Berge, 
I.  M.  Scott, 
Edward.  H.  Sears, 
Albert  Spies, 
Charles  A.  Stetefeldt, 
John  M.  Stinson, 
Fred.  W.  Taylor, 
Robert  M.  Thompson 
J.  N.  Tilemann, 
H.  C.  Torrance, . 
John  Townsend, 
Magnus  Troiliiis, 
Alfred  Tucker,   . 
William  R.  Walker, 
H.  A.  Wheeler,  . 


Mansfield  Valley,  Allegheny  Co.,  Pa. 

Johnstown,  Cambria  Co.,  Pa. 

Pottstown,  Pa. 

Philadelphia. 

Bonne  Terre,  Mo. 

Friedcnsville,  Lehigh  Co.,  Pa. 

Huntingdon,  Pa. 

Allentown,  Pa. 

Ward,  Boulder  Co.,  Colo. 

Dover,  New  Jersey. 

South  Stafl\>rd,  Vt. 

Steelton,  Dauphin  Co.,  Pa. 

Harrisburg,  Pa. 

Tarrytown,  N.  Y. 

Easton,  Pa. 

Johnstown,  Pa. 

Johnstown,  Pa. 

Mansfield  Valley,  Allegheny  Co.,  Pa. 

Pottstown,  Pa. 

Etna,  Allegheny  Co.,  Pa. 

Pine  Grove  Furnace,  Cumberland  Co.,  Pa. 

Parryville,  Carbon  Co  ,  Pa. 

Richmond  Furnace,  Franklin  Co.,  Pa. 
Scwell  Depot,  C.  &  O.  Ry.,  W.  Va. 

Clinton,  N.Y. 

Johnstown,  Pa. 

Youngstown,  Ohio. 

New  York  City. 

Bogota,  U.S.  of  0.,  S.  A. 
Snow  Shoe,  Centre  Co.,  Pa. 

Johnstown,  Pa. 

North  Bloomfield,  Nevada  Co.,  Cal. 

Pittsburgh,  Pa. 

Middlesbrough,  England. 

Bedford,  Pa. 

Pittsburgh,  Pa. 

San  Francisco,  Cal. 

Collinsville,  Conn. 

Jersey  City,  N.  J. 

New  York  City. 

Harrisburg,  Pa. 

Smithsonian  Inst'n,  Washington,  D.  C. 

New  York  City. 

Natrona,  Pa. 

Braddock,  Allegheny  Co.,  Pa. 

Steelton,  Dauphin  Co.,  Pa. 

London,  England. 

Philadelphia. 

Chicago,  111. 

New  York  Citv. 
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Joseph  C.  Whituker,  . 
J.  Sclnill  Wilhelm,     . 
1).  H.  Williams 
Arthur  Winslow, 
William  J.  Wood, 
Edward  H.  Woodward, 
James  Witherspoon,   . 


Steelton,  Dauphin,  Co.,  Fa. 

Cornwall,  Lebanon  Co  ,  Pa. 

Homestead,  Allegheny  Co.,  Pa, 

Philadelphia. 

CoUinsville,  Conn. 

New  York  City. 

Seneca  Falls,  N.  Y. 


ASSOCIATES. 


Victor  M.  Braschi, 
Samuel  F    Burnet, 
H.  B.  Burt, 
Albert  Caiman,  . 
Hunter  Eckert,  . 
Thomas  H.  Hulbert, 
Frank  Julian, 
Daniel  J.  Leary, 
Joseph  D.  Long, 
W.  S.  Mackintosh, 
Joseph  T.  Monell, 
James  H.  Murdock, 
L.  H.  Ritterskamp, 
William  J.  Rose, 
S.  Bent  Ru.=sell, 
Edward  Y''oung,  . 


New  York  City. 
Carondelct,  Mo. 
Philadelphia. 
New  York  City. 
Reading,  Pa. 
Washington,  Ga. 
St.  Louis,  Mo. 
Brooklyn,  N.  Y. 
Pittsburgh,  Pa. 
Pittsburgh,  Pa. 
Kansas  City,  Mo. 
Pittsburgh,  Pa. 
St.  Louis,  Mo. 
Harrisburg,  Pa. 
St.  Louis,  Mo. 
New  York  City. 


The  statu.s  of  the  following  associates  was  changed  to  member: 
E.  V.  McCandle-ss,  S.  S.  Uartranft,  Joseph  Hartshorne,  and  T.  B. 
Stearns. 

Mr.  S.  H.  Chauvenet,  of  Harrisburg,  read  a  paper  on  The  In- 
dustries of  Harrisburg, 

Mr,  E.  Windsor  Richards,  of  Middlesbrough,  England,  gave, 
by  request  of  the  Council  of  the  Institute,  a  description  of  the  origin, 
progress,  and  present  condition  of  the  basic  process  in  England. 

The  second  session  was  held  on  Wednesday  morning,  when  the 
following  papers  were  read  : 

The  Available  Tonnage  of  the  Bituminous  Coal-fields  of  Penn- 
sylvania, by  H,  Murtyn  Chance,  M.D,,  of  Philadelphia. 

The  Flannery  Boiler-setting  for  the  Prevention  of  Smoke,  by 
Charles  A.  Ashburner,  of  Philadelphia. 

Mr.  A.  C.  Rand  called  attention  to  a  new  compound  for  blasting 
purposes,  comj)osed  of  two  ingredients,  each  non-e.\j)losive  by  itself, 
to  be  mixed  immediately  before  use. 
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At  the  conclusion  of  this  session  an  excursion  was  made,  by  special 
train  provided  by  the  Pennsylvania  Railroad  Company,  to  the  fol- 
lowing works:  The  Pennsylvania  Steel  Works,  Lnehiel  Eolling 
Mill,  Paxton  Furnaces,  Paxton  Rolling  Mill,  Central  Iron  "Works, 
Chesapeake  Xail  Works,  and  Harrisburg  Car  Manufacturing  Works, 
An  exhibition  of  the  effect  of  the  blasting  compound,  described  by 
Mr.  Rand  at  the  morning  session,  was  made  at  the  limestone  quarry 
adjoining  the  Paxton  Furnaces.  At  Steelton  the  members  were 
invited  to  lunch  by  the  Pennsylvania  Steel  Company. 

In  the  evening  there  was  a  reception  at  the  Governor's  mansion, 
given  by  the  citizens  and  ladies  of  Harrisburg  to  the  visiting  mem- 
bers and  accompanying  ladies. 

On  Thursday  an  excursion  was  made  by  special  train,  provided 
by  the  Cumberland  Valley  Railroad,  over  the  Cumberland  Valley, 
the  Dillsburg  and  Mechanicsburg,  Harrisburg  and  Potomac,  and 
South  Mountain  railroads.  Opportunity  was  afforded  on  this  trip 
to  visit  the  hematite  ore  mines  of  the  Philadelphia  and  Reading 
Coal  and  Iron  Company,  the  Carlisle  Iron  Works,  the  hematite  ore 
mines  on  the  line  of  the  South  Mountain  Railroad,  Laurel  Forge, 
and  Pine  Grove  Furnace.  Mr.  J.  C.  Fuller  kindly  entertained  the 
party  at  his  house  at  Pine  Grove.  On  the  return  to  Harrisburg  the 
Indian  School  at  Carlisle  was  visited,  under  the  guidance  of  Captain 
Pratt,  U.  S.  A.,  and  his  teachers. 

The  third  session  was  held  on  Thursday  evening.  Mr.  Troilius's 
paper  on  Chemical  Methods  for  Analyzing  Rail  Steel  was  read  and 
discussed. 

Written  communications  on  this  paper  were  read  (in  absence  of 
the  authors)  from  Messrs.  Gayley  and  Farrell,  Emmerton,  Dewey, 
Mackintosh,  Wright,  and  Cabot. 

There  were  also  read  at  this  session  the  following  papers  : 

The  Analysis  of  Iron  Ores  containing  both  Titanic  and  Phos- 
phoric Acids,  by  T.  M.  Drown  and  P.  W.  Shimer,  of  Easton,  Pa. 

The  Great  Flat-Top  Coal-field  of  New  River  in  Virginia  and 
West  Virginia,  by  Jed  Hotchkiss,  of  Staunton,  Va. 

The  fourth  session  was  held  on  Friday  morning.  Papers  were 
read  on  a  Test  Support  for  the  English  Cupellation  Furnace,  by  F. 
C.  Blake,  of  Mansfield  Valley,  Pa.,  and  on  Improvements  in  Fire- 
brick Stoves,  by  Julian  Kennedy,  of  the  Edgar  ThonLSon  Steel 
Works,  of  Pittsburgh,  Pa. 
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General  J.  F.  Hall  exhibited,  by  request,  a  series  of  lithographic 
plates  illustrating  Timby's  method  of  harbor  defence  by  revolving 
turrets. 

The  following  papers  were  read  hy  title: 

Method  of  As.saying  Silver  Bullion,  by  F.  C.  Blake,  of  Mansfield 
Valley,  Pa. 

Notes  on  the  Geology  and  Mineralogy  of  San  Juan  Countj,  Col- 
orado, by  Theodore  B.  Conistock,  of  Eureka,  Colorado. 

The  Analysis  of  Statistics,  Second  Paper,  by  A.  W.  Hale,  of  New 
York. 

The  Chrysolite  Mine  Fire,  by  C.  M.  Roiker,  of  Lead vi lie,  Colo- 
rado. 

The  Presence  of  Tellurium  in  some  Commercial  Coppers,  by  Dr.  T. 
Egleston,  of  New  York. 

The  Binding  of  In- walls  of  Blast  Furnaces,  by  S.  H.  Chauvenet, 
of  Harrisburg. 

The  following  resolutions  were  offered  and  unanimously  adopted  : 

Whkreas,  The  American  Institute  of  Mining  Engineers  has  been  tlie  recip- 
ient of  unusual  attention  and  hosjiitalities  in  Harrisburg  and  vicinity,  which  call 
for  grateful  recognition. 

Reaolved,  That  while  we  realize  the  unsatisfactory  character  of  mere  formal 
resolutions  of  thanks,  which  can  at  best  but  imperfectly  express  our  sense  of  ob- 
ligations, we  desire  to  place  upon  our  minutes  an  expression  of  our  indebtedness 
to  Governor  and  Mrs.  Hoyt,  the  citizens  and  ladies  of  Harrisburg,  Mr.  J.  C. 
Fuller,  of  Pine  Grove,  the  Cornwall  Ore  Bank  Company,  and  the  President  and 
officers  of  the  Pennsylvania  Steel  Company,  for  their  charming  and  hospitable 
entertainments;  to  the  Pennsylvania,  Philadelphia  and  Reading,  Cumberland 
Valley,  South  Mountain,  Harrisburg  and  Potomac,  Mechanicshurg  and  Dills- 
burg,  and  tiie  Cornwall  railroad  companies  for  the  favors  of  transportation 
on  special  trains  ;  to  the  proprietors  and  officers  of  mines  and  works  for  the  many 
favors  shown  to  the  Institute,  and  to  the  Local  Commitiee  for  their  admirable 
arrangements  and  thoughtful  solicitude  for  the  pleasure  and  profit  of  the  visiting 
members. 

Resolved,  That  the  Secretary  of  the  Institute  bo  instructed  to  give  suitable 
e.\[)ression  to  our  sentiments  in  letters  of  acknowledgment  and  thanUs. 

Mr.  Birkinbine  gave  notice  that  he  would  offer  an  amendment  to 
Rule  VI  at  the  next  annual  meeting. 

The  President  then  announced  that,  in  accordance  with  the  j)ro- 
gramme,  the  meeting  was  formally  adjourned;  but  that  there  would 
be  a  supplementary  session  in  the  evening,  when  Mr.  T.  F.  With- 
erbee,  who  was  unable  to  arrive  in  time  for  the  regular  sessions, 
woidd  read  his  paper  on  Tiic  Use  of  High  Explosives  in  the  Blast 
Furnace. 
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At  the  conclusion  of  the  morning  session  an  excursion  was  made 
by  special  train,  provided  by  the  Philadelphia  and  Reading  Railroad 
Company,  to  the  new  Colebrook  furnaces,  and  the  Cornwall  Ore 
Banks  near  Lebanon.  The  party  were  kindly  entertained  at  lunch 
in  the  Opera  House  in  Lebanon  by  the  Cornwall  Ore  Bank  Com- 
pany. 

In  the  evening  the  members  and  their  ladies  were  fnvited  by  the 
Pennsylvania  Steel  Company  to  a  complimentary  banquet  at  the 
Lochiel  House. 
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THE  INDUSTlilES  OF  HAEBISBUBG. 

BY  S.  n.  CnATJVENET,  HARRISBUEG,  PA. 

Harrisburg  is  situated  on  the  Pennsylvania  Railroad,  one  hun- 
dred and  five  miles  from  Philade]phia,two  hundred  and  forty-eight  miles 
from  Pittsburgh,  and  ninety  miles  from  Baltimore,  and  has  running 
through  it  the  Pennsylvania,  Northern  Central,  Pliiladelphia  and 
Reading,  and  Cumberland  Valley  Railroads,  and  the  Pennsylvania 
Canal.  Surrounded  by  a  thickly  settled  farming  country,  from 
which  to  draw  native  labor,  within  easy  distance  of  anthracite  and 
bituminous  coal,  with  ores  and  limestone  near  at  liand,  and  with  the 
Susquehanna  River  as  a  never-failing  water  supply,  Harrisburg  has 
advantages  for  mamifacturing  which  warrant  the  investment  of  the 
capital  that  has  already  been  made,  and  has  a  future  as  a  manufac- 
turing city  second  only  to  Pittsburgh  and  Philadelphia. 

The  Pexxsylvania  Steel  Company, 
l.  s.  bent,  superintendent. 

The  works  of  this  company,  the  largest  in  Harrisburg,  lie  be- 
tween the  Pennsylvania  and  the  Philadelphia  and  Reading  Railroads, 
on  the  Pennsylvania  Canal,  and  are  essentially  devoted  to  the  manu- 
facture of  Bessemer  steel  rails.  Capital  stock,  $2,000,000;  invested 
in  business,  $5,000,000;  wages  per  month,  $80,000;  employs  2000 
men ;  ca])acity,  100,000  tons  of  rails  per  year,  which  is  being  in- 
creased to  130,000  tons. 

The  plant,  as  it  now  stands,  comprises  five  Bessemer  converters,  two 
7-ton  and  three  8-ton  converters,  two  15-ton  opcn-hcarth  furnaces  in 
operation,  and  two  30-ton  open-hearth  furnaces  in  course  of  construc- 
tion, one  blooming  mill,  one  rail  mill,  seven  steam  hammers,  two 
blast  furnaces  in  operation,  two  blast  furnaces  in  course  of  construc- 
tion, foundry,  pattern  shop,  machine  shop,  blacksmith  shop,  and  irog 
shop,  and  merchant  mill  in  course  of  construction. 

Bessemer  Ko.  1  was  built  in  18G5,  with  two  7-ton  converters,  2 
Spiegel  cupolas,  3  feet  diameter,  and  3  iron  cupolas  6'  G"  diameter, 
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and  has  a  capacity  of  500  tons  in  24  hours.  The  blowing  engine  is 
a  horizontal  condensing  engine,  with  two  steam  cylinders,  40"  x  60", 
and  two  blowing  cylinders,  54"  x  60."  Pressure  of  blast,  from  20 
to  25  pounds. 

Bessemer  No.  2  was  built  in  1881.  It  has  three  8-ton  converters, 
served  by  two  hydraulic  ladle  cranes,  in  two  casting-pits,  and  six  hy- 
draulic cranes  for  setting  and  drawing  moulds,  handling  bottoms,  etc. 
The  hydraulic  pressure  is  300  pounds  per  square  inch.  The  blowing 
engine  is  a  compound  horizontal,  with  a  high  pressure  cylinder,  25" 
X  70",  and  low  pressure,  50"  x  70",  with  separate  air-pump  con- 
densers, and  also  a  Bulkley  condenser  attached.  Pressure  of  blast, 
25  to  30  pounds.  This  engine  was  built  in  the  Pennsylvania  Steel 
Company's  shops.  There  are  four  iron  cupolas,  6'  6"  diameter,  and 
four  Spiegel  cupolas,  3'  0"  diameter,  blown  by  two  IS^o.  7  Baker 
blowers,  or  two  three-cylinder  blowing  engines. 

The  capacity  of  this  Bessemer  has  not  yet  been  determined,  as  it  has 
only  been  in  operation  two  weeks.  There  are  many  points  of  im- 
provement over  the  old  Bessemer,  which  cannot  be  described  in  this 
paper.  All  the  castings,  boilers,  roofs,  wrought-iron  work,  and 
engines  of  this  plant  were  made  and  erected  by  the  Pennsylvania 
Steel  ComjMiny. 

The  Blooming  Train  is  three  high ;  rolls  34"  in  diameter,  driven 
by  a  vertical  condensing  engine,  44"  x  54"  cylinder.  The  ca- 
pacity of  this  mill  has  never  been  determined,  but  is  easily  600 
tons  in  24  hours.  The  ingots  are  delivered  hot  to  the  blooming 
!nill  from  the  Bessemer,  and  charged  into  four  Siemens  heating  fur- 
naces, six  ingots  being  a  charge  for  each  furnace.  The  ingots  are 
14  inches  square  and  make  four  rails  each.  The  blooms  are  cut 
under  a  4-ton  steam  hammer  (Sellers),  and  are  loaded  by  a  hydraulic 
crane  on  buggies,  which  are  pulled  by  a  water  engine  to  the  rail  mill. 

The  Rail  Train  is  three  high ;  rolls  23"  diameter,  driven  by  a 
40"  X  60"  engine,  with  Bulkley  condenser  attached.  This  train  has 
rolled  1916  rails  in  24  hours.  The  saw-train  is  Gustin's  patent. 
Two  straightening  presses  and  four  drill  presses  handle  the  rails  as 
fast  as  rolled. 

The  Open  Hearth  Furnaces,  built  in  1875,  consisted  of  two  6-ton 
furnaces,  which  were  enlarged  later  to  15-ton  capacity.  The  new 
open-hearth  furnaces  in  course  of  construction  are  each  30-ton.  Each 
furnace  has  a  casting-pit,  and  the  two  are  served  by  five  hydraulic 
cranes. 

A  14-fon  Steam  Hammer  is  placed  between  the  blooming  mill  and 
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rail  mill.  Under  it  heavy  shafts,  cross-heads,  and  piston  rods  are 
forged.  When  not  in  use  for  heavy  work  it  hammers  special  steel 
into  slabs  and  billets. 

A  4:-to)i  Hammer,  adjoining  the  blooming  mill,  and  a  1-ton  ham- 
mer in  the  rail  mill  are  used  almost  exclusively  for  slabs  and  billets. 

The  Foundry,  60'  x  225',  has  two  cupolas,  5'  0"  diameter,  two 
core  ovens,  and  five  15-ton  steam  cranes.  All  ingot  moulds  are 
made  here  and  all  castings  for  repairs  and  new  work.  The  capacity 
of  the  foundry  is  40  tons  of  finished  castings  a  day. 

The  Pattern  Shop  has  two  circular  saws,  one  Daniels  planer,  one 
hand  planer,  a  handsaw,  and  one  lathe,  and  bench  room  for  fourteen 
men. 

The  Macli'me  Shop  is  75'  x  230',  and  contains  thirteen  lathes,  from 
96"  to  10";  five  planers, -which  take  from  8'  square  to  20"  square; 
one  48"  boring  lathe,  one  84"  boring  and  turning  machine,  three  10' 
radial  drills,  two  drilling  machines,  two  shapers,  two  slotting  ma- 
chines, two  horizontal  boring  machines,  two  bolt  cutters,  one  pipe 
cutter. 

The  Blacksmith  Shop,  60'  x  75',  contains  two  1000-pound  steam- 
hammers,  and  14  fires. 

The  Boiler  Shop,  75'  x  127',  contains  3  drill-presses,  2  shears,  1 
punching-machine,  bending-rolls,  and  1  hydraulic  riveting-machine. 
In  this  shop  all  steam-boilers,  draft-stacks,  and  iron  roofs  are  built. 

The  Frog  Shop,  60'  x  400',  has  a  capacity  of  $30,000  to  $40,000 
per  month  in  railroad  frogs  and  switches,  crossings  and  interlock- 
ing apparatus.  It  contains  14  planers,  6  drill-presses,  2  slotters, 
2  lathes,  1  milling-machine,  1  shaper,  1  pin-machine,  1  steam-ham- 
mer, 1  combined  punch  and  shear,  1  single  punch,  1  steam-riveter, 
1  hydraulic  bending-machinc,  10  fires,  and  1  heating-furnace.  A 
new  frog  shop  is  to  be  put  up  immediately,  80'  x  400',  with  im- 
proved facilities. 

Blast  Furnaces. — No.  1,  14'  x  60',  is  blown  by  a  vertical  con- 
densing-engine,  84"  blowing  cylinder,  48"  stroke;  it  has  4  pipe- 
ovens,  of  Kent's  pattern  ;  the  fuel  used  is  anthracite  coal  and  coke; 
the  ores  arc  native  Pennsylvania,  Virginia,  and  New  Jersey,  and 
Spanish  and  African.     The  product  is  50  to  60  tons  per  day. 

No.  2,  20'  x  76',  is  blown  by  two  vertical  condensing-cngiiies, 
84"  X  48"  ;  3  Whitwell  stoves,  18'  x  60' ;  fuel  and  ores  are  the  same 
as  No.  1  ;  i>roduct,  840  tons  })er  week.  The  product  of  both  fur- 
naces is  used  in  the  Bessemer. 

No.  3  and  No.  4  blast-furnaces  are  each  16'  x  65'.     They  are  to 
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be  blown  by  vertical  condensing-engines,  70"  x  48",  2  blowing  cyl- 
inders to  each  engine,  with  a  capacity  of  22,000  cubic  feet  of  air  per 
minute.  These  engines  are  being  built  by  the  Pennsylvania  Steel 
Company.  Each  furnace  has  3  Whitwell  stoves,  18'  x  60',  and  will 
use  the  same  fuel  and  ores  as  Nos.  1  and  2. 

A  Merchant  Mill  is  in  course  of  construction.  The  building,  100' 
X  400',  will  contain  one  12-in.  roll  train,  and  one  20-in.  roll  train  ; 
the  first  driven  by  a  horizontal  Hughes  &  Phillips  engine,  22"  x 
30",  the  second  by  a  horizontal  Porter-Allen  engine,  32"  x  48". 

The  Heating  Furnaces  are  Sweet's  patent. 

The  Lochiel  Rolling  Mill  Company, 
henry  isi'cormick,  president. 

This  company  has  a  capital  stock  of  $400,000,  and  employs  from 
550  to  600  men. 

The  plant  consists  of  a  rail-train,  19|"  diameter,  driven  by  a  42" 
X  42"  vertical  engine.  At  present  it  is  rolling  rails  from  blooms  made 
by  the  Pennsylvania  Steel  Company.  The  blooms  are  heated  in  8 
coal-furnaces,  and  the  capacity  of  the  train  is  750  rails  in  24  hours. 

Puddle-train,  19"  diameter,  driven  by  a  24"  x  48"  engine,  with 
12  double-puddling  furnaces;  product,  45  to  50  tons  in  24  hours. 

Bar-train,  16"  diameter,  with  2  heating-furnaces ;  product,  22  to 
25  tons  per  day. 

Guide-train,  9"  diameter,  with  one  heating-furnace ;  product,  11  to 
15  tons  per  day. 

Butt-train,  16"  diameter,  with  one  heating-furnace;  product,  18  to 
20  tons  per  day. 

The  bar,  guide,  and  butt  trains  are  driven  by  one  engine,  32"  by 
32". 

Blast  Furnace. — One  stack,  14'  x  52',  closed  top, pipe  ovens;  fuel, 
anthracite  coal  and  coke ;  ores  fossil,  Cornwall  and  Dillsburg,  and 
mill  cinder;  product,  7500  tons  per  annum. 

Iron  Works  of  the  McCormick  Estate, 

HENRY    m'C0R:HICK,    TREASURER. 

Harrishurg  Nail  Worls  were  built  in  1810,  and  located  at  Fair- 
view,  directly  opposite  Harrisburg,  on  the  Northern  Central  Rail- 
way. 

The  plant  consists  of  2  roll-trains,  19"  diameter,  one  puddle  and 
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oue  nail  plate  roll-trains,  9  double  puddling-furnaces,  3  heating-fur- 
naces, and  75  nail  machines. 

The  puddle-train  is  driven  by  water  power,  and  the  nail  plate- 
train  by  a  200  horse  power  engine.  Product,  10,000  tons  of  nails, 
nail-plate,  and  muck-bar,  per  year;  350  men  and  boys  are  employed. 

Faxton  Rolling  Mill  was  built  in  1869  (John  Q.  Denny,  super- 
intendent). It  contains  3  roll-trains,  largest  30"  diameter,  5  double 
furnaces,  5  heating-furnaces,  and  1  steam  hammer.  The  product  is 
9000  tons  per  year,  of  boiler,  skelp,  and  tank  iron ;  200  men  are 
employed. 

Paxton  Blast  Furnaces,  McCormick  &  Co. 

No.  1  stack  was  built  in  1855,  14'  x  50';  blown  by  an  84"  x  84" 
engine;  pipe  ovens  in  use,  but  Whitwell  stoves  are  now  in  course  of 
construction.     The  product  is  10,000  tons  per  year. 

No.  2  stack  was  built  in  1872,  15'  x  60';  blown  by  84"  x  84" 
engine;  3  Whitwell  stoves;  fuel,  anthracite  coal  and  coke;  ores, 
York  County,  Pa.,  magnetic,  Cornwall,  and  fossil  ore  from  Juniata 
County,  Pa.  The  product  is  22,000  tons  per  year;  about  300  men 
are  employed  at  both  furnaces. 

Chesapeake  Nail  Works, 
charles  l.  bailey  &  co. 

Capital  invested  $500,000;  employs  300  men,  and  pays  $165,000 
wages  annually. 

The  plant  consists  of  16  single  puddling  furnaces,  3  heating  fur- 
naces, 3  re-heating  furnaces  for  nail  plates,  2  bluing  furnaces,  1  an- 
nealing furnace  for  clinch  nails,  1  puddle  train,  81  nail  machines. 
The  annual  product  is  10,000  tons  of  muck  bar,  and  220,000  kegs 
of  nails. 

Central  Iron  Works, 
charles  l.  bailey,  president. 

Capital  $200,000 ;  employs  120  men,  and  pays  $100,000  wages 
annually. 

The  plant  consists  of  5  double,  and  1  single  puddling  furnace,  3 
heating  furnaces,  1  puddle  mill,  1  plate  train  (3  high  rolls),  32" 
diameter,  driven  by  a  36"  x  60"  engine. 

The  product  is  8000  tons  of  plate  iron  and  7000  tons  of  muck  bar. 
Plates  88"  wide  and  ordinary  lengths,  from  No.  10  to  IV'  thick 
are  rolled  in  this  mill. 
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This  firm  is  now  putting  in  another  plate  train,  25"  diameter,  3 
high,  driven  by  a  25"  x60"  horizontal  engine. 

Harrisburg  Car  Manufacturing  Company, 
w.  t.  hildrup,  superintendent. 

Capital  stock  $500,000;  invested  in  business,  $1,000,000;  era- 
ploys  800  men  ;  amount  of  monthly  pay  roil  $26,000. 

The  number  of  cars  built  daily  is  12  to  15,  with  a  daily  consump- 
tion of  30  tons  of  charcoal  iron,  15  tons  of  anthracite  iron,  40,000 
to  45,000  feet  of  lumber,  and  15  tons  of  bar  iron. 

The  average  value  of  cars  is  $G00,  and  the  total  yearly  product 
about  §2,500,000. 

This  company, — one  of  the  most  prosperous  in  Harrisburg, — has 
a  blast  furnace,  which  is  being  remodelled.  Its  sawmill  is  the  largest 
in  the  city. 

Foundry  and  Machine  Department  of  the  Harrisburg  Car  Manu- 
facturing Co. — In  this  establishment  are  manufactured  portable  and 
stationary  engines,  all  kinds  of  foundry  and  boiler  work,  and  agri- 
cultural implements  of  various  descriptions.  Its  capacity  is  one  port- 
able engine  per  day,  and  10  tons  of  foundry  castings,  also  an  annual 
production  of  500  corn-planters.  The  number  of  men  employed  is 
175. 

The  Wister  Blast  Furnace. 

This  furnace  was  built  in  1867,  originally  14'  x  45',  but  recently 
altered  to  14'  x  60'.  It  is  blown  by  a  30"  x  48"  horizontal  engine, 
geared  to  drive  two  blowing  cylinders  72"  x  72".  This  engine  blows 
260  cubic  feet  of  air  per  stroke,  and  is  capable  of  running  30  to  35 
revolutions  per  minute,  at  a  pressure  of  6  to  7  pounds  of  blast. 

There  are  three  batteries  of  boilers,  two  of  which  give  ample  steam 
power.  Two  Kent  8-inch  pipe  ovens  heat  the  blast  to  1000°  or 
1100°  F.     Only  one  oven  is  blown  through,  leaving  one  in  reserve. 

Fuel,  f  anthracite,  \  coke;  ores,  Dillsburg,  Seizholtzville,  Corn- 
wall, and  for  two  years  past,  about  one-third  from  Spain  and  other 
foreign  countries.     Capacity,  45  tons  per  day. 

The  Louise  Furnace, 

w.  h.  woodward  &  daniel  king,  proprietors. 

This  furnace  was  built  in  1875,  but  was  not  blown  in  until  1880. 

The  staftk  is  10'  x  50',  blown  by  a  60"  x  60"  horizontal  engine, 

with  pipe  ovens,  built  by  Raymond  &  Campbell,  of  Middletown,  Pa. 
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Fuel,  anthracite  coal  and  coke ;  ores,  hematite  from  the  Cumber- 
land Valley,  and  Dillsburg  magnetite. 

The  product  is  from  120  to  130  tons  per  week. 

Hummel,  Fendrick  &  Co. 

This  firm  has  lately  begun  the  manufacture  of  bar  iron  and  tires. 
The  plant  consists  of  a  small  merchant  train  and  two  heating  fur- 
naces. 

Jackson  Manufacturing  Company, 

james  i.  chamberlin,  president. 

The  business  of  this  company,  which  has  recently  been  reorganized 
and  incorporated,  is  the  manufacture  of  a  wide  range  of  mining 
implements.  At  present  they  manufacture  only  steel  barrows.  This 
product  is  shipped  chiefly  into  the  mining  regions  of  the  West,  large 
consignments  being  constantly  made  to  Pueblo  for  mining  purposes 
in  Colorado.  They  have  also  exported  quite  a  large  number  of  bar- 
rows. 

Capital  invested,  $50,000;  present  capacity  of  works,  15  to  20 
steel  barrows  per  day,  employing  20  to  25  hands. 

Harrisburg  Chain  Works, 

joshua  w.  jones,  proprietor. 

This  industry  has  been  but  recently  established  in  Harrisburg,  and 
the  above  works  are  not  yet  fully  completed.  At  present  only  four 
furnaces  are  in  operation,  but  eight  others  will  soon  be  erected.  The 
principal  product  will  be  chain  bale-ties,  and  the  capacity  of  the 
works  is  estimated  at  3000  per  month.  A  small  Baxter  engine  is 
employed  to  drive  a  fan  for  fires,  and  an  oven  (8'  x  2'  x  6')  is  used  for 
japanning  the  chains.     Twelve  men  are  employed. 

Eagee  Works. 

This  establishment  is  owned  by  Mr.  W.  O.  Hickok,  and  has  been 
in  operation  about  25  or  30  years.  It  embraces  a  machine  shop 
fitted  up  for  doing  all  kinds  of  machine  work,  an  iron  foundry,  a 
brass  foundry,  and  a  wood-work  shop,  and  gives  employment  to  from 
60  to  120  men.  It  has  a  large  local  trade ;  but  its  principal  pro- 
duct is  a  class  of  machine  work, — ruling  machines,  ruling  pens, 
sawing  machines,  press  boards,  table  shears,  etc., — that  is  extensively 
sold  in  Europe,  South  America,  Cuba,  and  Australia. 
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Harrisbdrg  Steam  Boiler  Works. 

These  works  are  owned  and  operated  by  Robert  Tippett's  Sons. 
They  were  built  in  1863  by  Robert  Tippett.  Their  principal  busi- 
ness is  the  manufacture  of  steam  boilers,  furnace  work,  stacks,  etc. 
They  ship  punched  and  shaped  iron  to  Ohio,  Alabama,  and  Tennes- 
see. The  works  employ  60  hands,  and  have  a  capacity  of  30  tons 
per  week. 

J.  D.  Marshbank  &  Son's  Works. 

These  works  manufacture  steam  and  hot- water  fittings ;  also,  va- 
rious descriptions  of  heavy  and  light  castings.  The  annual  value  of 
their  product  is  $30,000,  and  they  give  employment  to  35  hands. 

In  addition  to  the  above,  there  are  numerous  other  iron  industries 
in  Harrisburg. 

Bay  Bros,  carry  on  a  general  foundry  business,  with  a  probable 
annual  capacity  of  500  tons. 

The  Wilson  Manufacturing  Company  are  manufacturers  of  agri- 
cultural implements,  and  make  a  variety  of  castings. 

Harrisburg  Firebrick  Works, 
george  w.  buehler,  treasurer. 

These  works  were  built  in  1869,  and  have  been  in  successful  ope- 
ration since  that  date.  They  manufacture  firebrick  for  blast  furnaces, 
steel  works,  and  rolling-mill  use,  and  have  a  capacity  of  2,000,000 
brick  per  annum,  which  amount  could  be  readily  increased.  The 
clays  used  are  from  the  several  well-known  deposits  in  New  Jersey, 
and  from  Clearfield,  Clinton,  Dauphin,  and  Lebanon  counties  in 
Pennsylvania.  All  the  firebrick  are  made  of  these  several  clays  com- 
bined in  various  proportions  as  best  suits  the  intended  use. 

A  forty  horse  power  engine  is  employed  in  grinding  and  mixing 
the  clays.     The  works  give  employment  to  30  hands. 

Hydraulic  Cement  Pipe  Works, 

henry  j.  beatty,  proprietor. 

These  works  have  been  in  successful  operation  during  the  past 
eighteen  months,  manufiicturing  cement  drain-pipes,  and  cement 
ware,  or  artificial  stone.  The  product  is  sold  throughout  the  whole 
of  Central  Pennsylvania.  The  capacity  of  the  works  is  25,000  feet 
of  drain-pipe  per  annum.  The  capital  invested  is  $15,000,  and  the 
works  give  employment  to  12  men. 
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Harrisburg  Cotton  Mill, 

GEORGE  CALDEU,  JR.,  PROPRIETOR. 

This  mill  was  built  some  25  years  ago.  It  has  8000  spindles  and 
280  looms,  with  a  capacity  of  2700  bales  cotton,  producing  chev- 
iots, drilling,  four-shaft  twills,  duck,  warps,  yarns,  etc.  The  num- 
ber of  hands  employed  is  2G0,  and  the  monthly  pay-roll  amounts  to 

$4500. 

The  lumber  and  saw-mill  interests  are  quite  large  in  Harrisburg 
and  vicinity,  and  there  are  two  large  sash,  door,  and  blind  factories. 

There  are  also  two  fiourhig  mills,  owned  by  the  McCormick  Es- 
tate,—the  Paxton  mill,  with  a  capacity  of  400  barrels  j^er  day  by  the 
new  process,  and  the  Lochiel  mill,  with  a  capacity  of  100  barrels 
per  day. 

Brusher,  McCulloch  &  Co.^ 

This  firm  have  recently  begun  the  manufacture  of  handles  for 
axes,  picks,  etc.  Capacity,  150  dozen  handles  per  day ;  employs  40 
men. 


THE  ANALYSIS  OF  IRON  ORES  CONTAINING  .BOTH 
PHOSFHOBIC  AND  TITANIC  ACIDS. 

BY  THOIWAS  M.  DROWN,  M.D.,  AND  P.  W.    SHIMER,  M.E.,  EASTON,  PA. 

The  precipitation  of  phosphoric  with  titanic  acid,  by  boiling  an 
iron  solution  which  had  been  reduced  to  the  ferrous  condition  by 
sulphuretted  hydrogen  or  sulphurous  acid,  was  first  noticed  by  E.  H. 
Bogardus  in  1874.*  Since  that  time,  as  far  as  we  are  aware,  not  much 
has  been  published  on  the  relation  of  these  two  acids  to  each  other, 
and  to  silicic  acid,  in  the  ordinary  course  of  analysis  of  iron  ores. 
The  following  investigation  may  perhaps  aid  in  clearing  up  some  of 
the  obscure  points  in  the  analysis,  of  titaniferous  ores. 

THE    DETERMINATION    OF    PHOSPHORUS. 

From  two  to  five  grams  of  the  finely  powdered  ore  are  weighed 
into  a  beaker  and  treated  with  about  50  c.c.  of  hydrochloric  acid 
(sp.  gr.  1.12),  evaporated  to  dryness,  and  heated   in  an  air-bath  for 


*  American  Journal  of  Science,  III,  8,  p.  884. 
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an  hour  to  110°  to  120*^  C.  To  the  dry  mass  are  added  50  c.c.  of 
hydrochloric  acid  (1.12),  and  the  solution  filtered  off  from  the  in- 
soluble residue.  On  washing  this  residue  with  water  the  filtrate 
often  runs  through  turbid.  This  can  be  avoided  by  washing  with 
dilute  nitric  acid,  or,  better,  with  an  acid  solution  of  ammonium 
nitrate.  The  filtrate  contains  the  greater  part  of  the  phosphoric 
acid,  but  the  residue  may  contain  a  notable  amount. 

Treatment  of  the  Residue. — Fuse  the  residue  with  sodium  car- 
bonate and  extract  with  water.  Sodium  phosphate  and  silicate  go 
into  solution  and  sodium  titanate  remains  insoluble.  Filter,  acidiff 
the  filtrate  with  nitric  acid,  evaporate  to  dryness,  moisten  with  nitric 
acid,  and  dissolve  in  water.  Filter  from  the  silica,  concentrate  the 
filtrate,  neutralize  nearly  with  ammonia,  and  precipitate  with  ammo- 
nium molybdate.  This  is  the  best  method  of  separating  the  phos- 
phorus from  the  insoluble  residue.  The  greater  part  of  the  phos- 
phorus may,  howe\'er,  be  extracted  from  the  moist  residue  by  washing 
with  ammonia. 

Treatment  of  the  Filtrate. — Evaporate  to  a  small  bulk,  and  add 
enough  nitric  acid  to  drive  off  all  the  hydrochloric  acid  on  evapo- 
ration. If  the  concentrated  solution  is  clear,  add  ammonia  until 
a  slight  permanent  precipitate  is  formed  ;  redissolve  this  in  a  few 
drops  of  nitric  acid,  and  add  ammonium  molybdate  solution. 

In  the  ores  of  which  we  are  speaking,  a  precipitate  generally 
separates  on  evaporating  to  a  small  bulk.  The  addition  of  more 
nitric  acid  with  continued  heat  often  redissolves  this;  in  this  case, 
the  evaporation  must  not  be  carried  too  far,  or  the  precipitate  will 
again  separate.  This  precipitate  contains  phosphoric  acid  and 
titanic  acid.  If  it  is  impossible  to  get  it  into  solution  in  nitric  acid, 
it  must  be  filtered  off  and  washed  with  ammonium  nitrate  solution. 
It  is  then  ignited,  fused  with  sodium  carbonate,  extracted  with  water, 
and  the  filtrate,  after  acidifying  with  nitric  acid,  precipitated  with 
molybdate  solution. 

After  the  addition  of  the  ammonium  molybdate  to  the  main  solu- 
tion, as  mentioned  above,  it  is  heated  rather  hot,  say  from  50°  to 
70°  G.^  for  half  an  hour,  with  frequent  vigorous  stirring.  The 
precipitate  is  usually  allowed  to  stand  over  night,  but  if  filtered 
Avithin  two  hours,  there  will  be  no  appreciable  amount  of  phosphorus 
unprecipitated.  The  yellow  precipitate  is  filtered  off  and  washed 
well  with  a  mixture  of  325  c.c.  of  nitric  acid  (sp.  gr.  1.2),  100 
c.c.  of  ammonium  hydrate  (sp.  gr.  0.96),  and  100  c.c.  of  water.  It 
i,i  then  dissolved  upon  the  filter  in  dilute  ammonia.     The  solution 
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will  probably  run  through  turbid,  and  a  gelatinous  residue  will  re- 
main in  the  filter.  The  solution  is  heated  for  some  time  and  filtered, 
and  this  residue,  which  contains  both  phosphoric  and  titanic  acid,  is 
treated,  together  with  the  gelatinous  residue  insoluble  in  ammonia, 
Avith  nitric  acid,  and  the  resulting  solution  precipitated  with  ammo- 
nium molybdate.  By  heating  and  stirring,  the  phosphoric  acid  can  be 
completely  precipitated  in  an  liour,  so  that  it  will  not  retard  the  analy- 
sis materially.  The  solution  of  this  yellow  precipitate  in  ammonia  is 
to  be  added  to  the  main  amraoniacal  solution,  and  magnesia  mixture 
added  with  the  usual  precautions.  By  active  stirring  after  the  addi- 
tion of  magnesia  mixture  the  complete  precij)itation  of  the  phos- 
phoric acid  may  be  effected  in  an  hour  or  two.*  In  the  analysis  of 
an  ore  containing  4.74  per  cent,  of  phosphoric  acid  (mostly  as  apatite) 
and  0.65  per  cent,  of  titanic  acid,  the  phosphoric  acid  was  found  (in 
duplicate  analyses)  as  follows: 

Phosplioric  acid  in  the  hydrochloric  acid  solution,  .     4.370       4.330 

Phosphoric  acid  in  the  residue  insoluble  in  hydrochloric 

acid, 0.280      0.390 

Phosphoric  acid  in  the  precipitate  wliich  separated  from 
the  solution  of  the  yellow  precipitate  in  ammonium 
hydrate,         .         .  " 0.016       0.027 

Total, 4.666       4.747 

DETERMINATION    OF   THE   TITANIC    ACID. 

One  to  two  grams  of  the  finely  powdered  ore  are  weighed  into  a 
large  platinum  crucible.  Potassium  bisulphatef  to  the  amount  of  12 
to  15  times  the  weight  of  the  ore  is  next  weighed  out  in  another  vessel. 
Mix  the  ore  in  the  bottom  of  the  crucible  with  about  one-quarter  of 
the  bisulphate,  and  fuse  until  the  excess  of  sulphuric  acid  is  nearly  all 
driven  off.  During  the  progress  of  the  fusion,  the  lid  must  be  lifted  a 
very  little  at  short  intervals,  in  order  to  watch  the  state  of  the  fusion. 
It  should  not  be  allowed  to  rise  above  two-thirds  the  height  of  the 

*  The  action  of  stirring,  or  other  agitation,  in  hastening  precipitation,  although 
well  known,  is  not,  I  think,  as  often  made  use  of  in  analysis  as  it  might  be. 

f  In  order  to  make  a  successful  deti'rminalion  of  titanic  acid,  it  is  necessary 
to  have  good  potassium  bisulphate.  This  can  seldom  be  bought  in  a  condition 
fit  for  use.  It  usually  contains  water  ;  sometimes  an  excess  of  sulphuric  acid  ; 
it  also  usually  contains  an  insoluble  silicious  residue.  To  prepare  it  for  use,  it 
is  dissolved  in  water  and  filtered,  the  solution  evaporated  to  dryness,  and  fused 
until  all  the  water  is  driven  off  and  the  mass  is  in  quiet  fusion.  It  is  sometime.? 
necessary  to  drive  off  some  sulphuric  acid.  It  is  then  powdered  for  use.  Bisul- 
phate thus  prepared  will  not  mount  excessively  in  the  crucible,  and  a  quiet  fusion 
at  a  red  heat  can  be  obtained. 
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crucible.  Add  now  another  quarter  of  the  bisulphate,  and  heat 
again  as  before,  until  nearly  all  the  excess  of  sulphuric  acid  is  driven 
off.  Then  add  the  remaining  half  of  the  bisulphate,  and  heat  until 
the  whole  mass  is  in  quiet  fusion.  Too  much  sulphuric  acid  should 
not  be  driven  off  at  this  stage,  or  the  subsequent  solution  in  water 
will  be  retarded.  The  fused  mass  may  be  poured  out  into  a  large 
platinum  dish,  or  it  may  be  removed  from  the  crucible  in  one  lump 
by  inserting  a  stout  piece  of  platinum  wire  while  still  soft,  and  al- 
lowing the  mass  to  solidify  about  it.  A  gentle  .heat  on  the  outside 
of  the  cruciblcr  will  quickly  loosen  the  mass,  which  may  now  be 
lifted  out  easily.  The  former  method  is  preferable,  because  of  the 
thinness  of  the  mass  and  its  readier  solubility. 

When  the  mass  has  become  cold,  it  is  dissolved  in  plenty  of  cold 
water.  This  usually  requires  at  least  twelve  hours.  When  it  is  evi- 
dent that  all  has  dissolved  but  silica  and  silicates,*  filter  into  a  large 
beaker.  This  insoluble  residue  should,  after  ignition,  be  again  fused 
with  bisulphate  and  tested  as  below  for  titanic  acid.  To  the  main 
solution  we  add  sodium  carbonate  solution  until  a  slight  permanent 
precipitate  is  obtained,  then  3  to  4  c.c.  of  sulphuric  acid  of  1.23 
sp.  gr.  This  redissolves  the  slight  precipitate  and  makes  the  solu- 
tion sufficiently  acid.  Add  now  sulphurous  acid  in  excess,  and  di- 
lute largely  with  water  (1  to  1.5  liter);  cover  with  a  watch-glass, 
and  boil  about  two  hours,  adding  sulphurous  acid  solution  and  water 
as  the  evaporation  goes  on. 

The  titanic  acid  is  precipitated,  and  with  it  phosphoric  acid  and 
oxide  of  iron.  Filter  hot  (best  done  by  means  of  a  siphon),  and 
wash  with  hot  water.  This  precipitate  of  titanic  acid  and  phosphoric 
acid  is  not  finely  granular  like  that  of  pure  titanic  acid,  but  is  floc- 
culent,  and  shows  no  tendency  to  run  through  even  a  very  porous 
filter.  It  is  dried,  ignited,  and  weighed.  In  spite  of  the  fact  that 
it  contains  a  very  notable  amount  of  iron,  it  is  usually  white  after 
ignition.  It  is  fused  with  sodium  carbonate  and  extracted  with 
water.  Sodium  titanate  and  oxide  of  iron  remain  insoluble,  while 
sodium  phosphate  goes  into  solution.  The  residue  is  dissolved  in 
sulphuric  acid  (sp.  gr.  1.23),  filtered,  neutralized  with  sodium  car- 
bonate, 2  to  3  c.c.  of  sulphuric  acid  added,  and  then  sulphurous 
acid  as  above.  The  titanic  acid  precipitated  from  this  solution  is 
free  from  phosphoric  acid  and  iron. 

*  In  ores  containing  lime,  calcium  sulphate  is  often  found  in  this  insoluble 
residue. 
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If,  instead  of  fusing  the  first  precipitate  of  titanic  acid  with  sodium 
carbonate,  it  is  re-fused  with  potassium  bisulphate,  there  will  remain 
on  treatment  with  cold  water  an  insoluble  residue  containing  titanic 
acid  and  phosphoric  acid. 

The  following  analytical  results  will  illustrate  the  foregoing  de- 
scription : 

I.       II. 

First  precipitate   of  titanic   acid    containing  phosphoric  acid  and 
iron  (in  duplicate),  per  cent., 3.18     2.40 

No.  1  was  fused  with  sodium  carbonate  and  treated  with  water  as 
above.     It  consisted  of — 

Titanic  acid, 0.65  ' 

Phosphoric  acid, 1.60 

Sesquioxide  of  iron, 84 

Loss, ' 09 

3.18 

No.  2  was  fused  with  potassium  bisulphate,  and  gave: 

Residue  insoluble  in  cold  water,       .......  1.83 

Precipitate  by  boiling  the  soluiion,         .....  .34 

Sesquioxide  of  iron,  by  difference,  ......  .23 

2.40 

The  titanic  acid  precipitated  by  boiling  (.34)  contained  both  phos- 
phoric acid  and  iron. 

The  residue  insoluble  in  cold  Avater  (1.83)  was  fused  with  sodium 
carbonate  as  described  above  ;  it  gave  : 

Phosphoric  acid,      .........       .96 

Titanic  acid,    .......  ...       .42 

Sesquioxide  of  iron,  by  difference,  .....       .45 

1.83 

The  precipitate  by  boiling  (.34),  similarly  treated,  gave: 

Phosphoric  acid,      .........       .05 

Titanic  acid, 12 

Sesquioxide  of  iron,  by  difference,  ....         .       .17 

.34 

The  complete  analysis  of  the  original  precipitate  (2.40)  thus 
shows  : 

Titanic  acid, 54 

Pliosphoric  acid,       .........     1.01 

Sesquioxide  of  iron,  by  difference,  .....       .86 

2.40 
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The  titanic  acid  is  here  doubtless  .10  per  cent,  too  low,  owing  to 
the  many  fusions  and  precipitations  to  which  it  was  subjected. 

DETERMINATION   OF    IRON. 

If  the  ore  contains  less  than  one  per  cent,  of  titanic  acid,  no 
appreciable  error  will  result  from  neglecting  it.  If  it  contains  more 
than  this,  the  iron  must  be  determined  in  the  filtrate  from  the  titanic 
acid.  The  first  precipitation  of  titanic  acid  contains  iron.  This  is 
separated  by  the  sodium  carbonate  fusion,  and  may  be  added  to  the 
main  solution  after  separation  of  the  titanic  acid.  The  iron  is  then 
determined  by  reduction  with  zinc  and  titration  with  permanganate. 

DETERMINATION   OF    SILICA   AND    ALUMINA. 

When  an  iron  ore  containing  phosphoric  and  titanic  acids  is 
treated  for  silica  by  the  usual  method  (fusion  with  sodium  carbonate, 
solution  in  dilute  hydrochloric  acid,  evaporation  to  dryness,  and 
separation  of  silica  at  110°  C,  solution  in  hydrochloric  acid  and  water, 
and  filtration  from  the  insoluble  residue),  the  silicious  residue  consists 
of  silica,  titanic  acid,  phosphoric  acid,  and  iron.  In  the  case  of  an  ore 
containing  3.50  per  cent,  of  silica,  this  residue  (which,  in  spite  of  the 
iron  in  it,  is  white  after  ignition)  amounted  to  6.11  per  cent.  The 
presence  of  phosphoric  acid  and  iron  with  the  silica  of  course  renders 
worthless  the  estimation  of  alumina  by  difference. 

Before  speaking  of  the  determination  of  the  silica,  we  will  con- 
sider how  we  may  get  the  phosphoric  acid  and  iron  into  the  main 
solution  where  they  belong.  The  insoluble  residue  (containing  silica, 
titanic  acid,  phosphoric  acid,  and  iron)  is  fused  with  sodium  car- 
bonate, and  extracted  with  water.  Sodium  phosphate  and  silicate 
dissolve,  and  sodium  titanate  and  ferric  oxide  remain  behind. 
Acidify  the  filtrate  with  hydrochloric  acid,  and  evaporate  to  dry- 
ness;  take  up  with  hydrochloric  acid  and  water,  and  filter  off  the 
silica;  add  the  filtrate  to  the  solution  to  be  precipitated  by  sodium 
acetate.  Dissolve  the  residue  insoluble  in  water  (containing  the 
sodium  titanate  and  ferric  oxide)  in  sulphuric  acid,  and  separate  the 
titanic  acid  from  the  iron  by  boiling,  as  usual.  Filter  from  the 
titanic  acid,  and  add  bromine-water  to  the  filtrate,  in  order  to  oxidize 
the  iron,  boil,  and  precipitate  the  iron  with  ammonia.  Filter  and 
weigh  it  with  the  precipitate  of  iron,  alumina,  and  phosphoric  acid, 
separated  as  basic  acetate. 

Some  titanic  acid  may  go  into  the  filtrate,  which  is  to  be  precipi- 
tated by  sodium  acetate.     In  this  case,  it  will'  contaminate  the  pre- 
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cipitate  of  iron,  alumina,  and  phosphoric  acid.  It  is  therefore  nec- 
essary, after  this  precipitate  has  been  weighed,  to  grind  it  in  an 
agate  mortar,  and  weigh  out  accurately  as  much  of  it  as  possible, 
fuse  with  potassium  bisulphate,  and  determine  the  titanic  acid  in  it 
by  boiling,  etc.  The  titanic  acid  thus  found  is  to  be  deducted  from 
the  weight  of  the  original  precipitate.  There  will  not  in  all  cases 
be  titanic  acid  in  this  precipitate,  but  it  is  not  safe  to  omit  testing 
for  it. 

The  silica  may  also  be  determined  by  fusing  the  residue  from  the 
second  bisulphate  fusion  for  titanic  acid  with  sodium  carbonate,  and 
separating  the  silica,  as  usual.  Or  it  may  be  determined  by  fusing 
1  to  1.5  grams  of  the  ore  with  sodium  carbonate,  dissolving  in 
hydrochloric  acid,  and  adding  an  excess  (50  c.c.)  of  sulphuric 
acid  (1.23),  and  evaporating  until  all  the  hydrochloric  acid  is 
driven  off.  This  renders  the  silica  insoluble.  By  now  dissolv- 
ing the  ferric  sulphate  in  a  large  excess  of  hydrochloric  acid  by 
aid  of  heat,  everything  goes  into  solution  but  the  silica.  When 
this  point  is  reached,  it  is  known  by  the  absence  of  everything  but 
transparent  gelatinous  silica  floating  in  flocks  in  the  clear  solution. 
Calcium  sulphate  may  contaminate  the  silica,  if  the  ore  contains 
much  lime;  but  it  does  not  look  like  gelatinous  silica,  and  dissolves 
on  dilution  with  water. 

The  following  determinatiotis  illustrate  the  foregoing  description  : 

I.  II. 

Insoluble  in  hydrochloric  acid,       .         6.11  per  cent.     5.38  per  cent. 

Fused  with  sodium  carbonate  and  extracted  with  water;  solution 

contained  : 

I.  II. 

Silica,       ....       3.31  I  Silica,       ....       3.63 

Phosphoric  acid,      .         .       1.03  I  Phosphoric  acid,       .         .         .71 

Residue  contained : 

I.  II. 

Titanic  acid,       .         .         .       .65 1  Titanic  acid,      .         .         .       .65 
Sesquioxidc  of  iron,  .         .     1  33  1  Sesquioxide  of  iron,  .         .       .58 

Totals. 

I.  II. 

Silica, 3.31  3.63 

Phosphoric  acid, 1.03  .71 

Titanic  acid,    ........         .65  .65 

Sesquioxidc  of  iron,         ......       1.33  .58 

6.82  6.57 
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I.  II.  III. 

Silica  made  insoluble  by  sulpbiiric  acid,         3.40  3.48  3.54 

Silica  from  residue  iru^oluble  in  bisulpbate,    3.70  3.74           

Residue  insoluble  in  bisulphate,         .         .     4.91  5.03           

DISCUSSION. 

Mr.  Julian  Kennedy,  of  Pittsburgh,  said  that  the  slow  solution 
of  the  pota.ssium  bisulphate,  after  fusion,  could  be  avoided  by  the 
following  ])ro('edure.  When  the  fusion  is  complete,  enough  con- 
centrated sulphuric  acid  is  added  so  that  the  resulting  mass  shall  be 
pasty  on  cooling.  This  mass  ma\'  then  be  dissolved  promptly  by  aid 
of  heat,  the  excess  of  sulphuric  acitl  preventing  the  separation  of 
titanic  acid.  The  excess  of  acid  is  subsequently  neutralized  when 
the  titanic  acid  is  to  be  precipitated  by  boiling. 


THE  AVAILABLE  TONNAGE  OF  THE  BITUIflNOUS  COAL- 
FIELDS OF  PENNSYLVANIA. 

BY  H.   M.    CnANCE,   M.D.,    ASSISTANT  GEOLOGIST,   PENNSYLVANIA 
GEOLOGICAL   SURVEY. 

The  great  outspread  of  the  coal  measures  over  portions  of  thirty- 
one  of  the  sixty -seven  counties  of  Pennsylvania,  and  the  large  num- 
ber of  workable  .seams  comprising  the  coal  series, — together  with 
some  workable  scams  lately  shown  to  belong  to  the  (so-called)  barren 
measures, — create  the  impression  that  these  fields  contain  a  practi- 
cally inexliuu.'^tible  supj)ly  of  fncl,  and  those  who  have  estimated  or 
attempted  to  estimate  their  available  tonnage  have  generally  pro- 
mulo-ated  this  view. 

But  the  actual  total  contents  of  this  coal-field  is  of  no  importance  to 
us  at  present ;  calculations  including  all  seams,  xvliether  thick  enough 
to  mine  or  not,  whether  pure  enough  to  furnish  a  marketable  fuel  or 
not,  whether  accessible  at  reasonal)le  depth  or  not,  are  of  no  practical 
value.  As  coal  producers,  we  are  interested  not  in  the  total  contents, 
but  in  the  total  amount  of  easilij  accessible  coal  of  good  quality  con- 
tained in  beds  thick  enough  for  remunerative  mining.  The  estimates 
contained  in  this  paper  refer  exclusively  to  workable  and  accessible 
coal  of  commercial  value, — we  may  call  it  ^'  available''  coal. 

I  am  not  aware  that  any  one  has  as  yet  attempted  to  estimate  in 
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detail  the  anion iit  of  available  coal  in  each  county  and  in  each  bed. 
Heretofore  the  data  to  do  this  have  been  lacking,  but  now,  since  the 
completion  by  the  Geological  Survey  of  the  series  of  county  reports, 
illustrated  by  geologically-colored  county  maps,  it  is  possible  to  take 
up  each  county  separately,  and  estimate  in  detail  the  approximate 
contents  of  each  seam. 

The  general  estimates,  to  which  I  have  referred  as  lacking  the 
elements  of. detail  essential  to  accuracy,  have  generally  been  made 
by  multiplying  the  total  area  covered  by  coal  measures  by  an  as- 
sumed average  of  the  united  thicknesses  of  the  workable  seams. 
Thus  some  estimates  place  this  area  at  between  twelve  and  thirteen 
thousand  square  miles,  and  the  average  coal  thickness  at  from  fifteen 
to  thirty  feet,  or  tiie  aujount  of  available  coal  at  from  180,000,000,000 
to  300,000,000,000  tons.  By  reference  to  the  tables  accompanying 
this  paper  it  will  be  seen  that  these  figures  greatly  exceed  the  total 
of  my  detailed  estimates. 

Calculations  based  on  an  assumed  average  thickness  of  coal  must 
necessarily  give  untrustworthy  results,  because  it  is  not  possible  to 
determine  a  priori,  and  in  advance  of  detailed  estimates,  the  average 
coal  thickness  in  a  field  when  every  bed  is  subject  to  more  or  less 
radical  variation  in  its  thickness  and  quality. 

The  compiled  columnar  section  of  the  coal  measures  accompany- 
ing this  paper  (scale  200  feet  to  1  inch)  shows  sixteen  important 
workable  seams,  besi<des  several  beds  of  minor  importance,  but  no 
one  of  these  seams  is  of  workable  thickness  and  quality  over  its 
entire  area,  and  many  of  them — notably  the  thickest  and  best — 
extend  into  but  a  few  of  the  thirty-one  coal  counties,  while  ten  or 
twelve  of  these  counties  contain  only  the  lowest  seams  of  the  series. 

In  counties  containing  throughout  their  entire  area  persistent 
seams  of  coal,  large  deductions  are  to  be  made  for  areas  over  which 
the  coal  thins  out  to  an  unprofitable  thickness,  or  becomes  locally 
too  impure  to  furnish  a  marketable  fuel. 

I  have  not  attempted  to  calculate  the  several  coal  areas  with  any 
great  degree  of  accuracy ;  with  few  exceptions,  the  areas  are  expressed 
in  acres  redqced  from  measurements  based  on  a  unit  of  five  square 
miles,  hence  these  acreages  nearly  all  appear  as  multijiles  of  3200  acres. 
The  maps  from  which  the  calculations  were  made  are  drawn  on  a 
scale  of  two  miles  to  one.  inch,  and  as  these  are  necessarily  only 
approximately  correct,  both  in  the  ground  plan  and  coloring,  a 
finer  differentiation  would  but  lend  false  pretensions  of  accuracy  to 
work  necessarily  involving  errors  of  considerable  magnitude. 

VOL.  X. — 10 
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Seams  less  than  two  feet  thick  have  been  ignored.  The  areas  of 
beds  from  two  to  three  feet  thick  are  calculated  down  to  water-level; 
their  areas  beneath  water-level  have  been  ignored.  Seams  from 
three  to  five  feet  thick  are  estimated  to  a  depth  of  one  hundred  and 
fifty  feet  beneath  water-level.  The  areas  of  seams  more  than  five 
feet  thick  are  comp\ited  to  a  depth  of  four  hundred  feet  beneath 
water-level  when  their  quality  and  thickness  are  known.  The  areas 
of  beds  more  than  four  feet  thick,  lying  above  water-level,  but  over- 
laid by  a  great  thickness  of  superimposed  measures,  have  been  cal- 
culated so  as  to  include  a  distance  of  from  one  to  two  miles  from 
their  outcrop  lines,  varying  with  the  dip. 

The  maps  from  which  the  areas  were  computed  are  colored  in  five 
tints  to  represent  the  subdivisions  of  the  carboniferous  system  of 
rocks,  as  follows : 

Upper  Barren  Coal  measures. 

Upper  Productive  Coal  measures. 

Lower  Barren  Coal  measures. 

Lower  Productive  Coal  measures. 

Conglomerate  series  (with  coals). 

The  lower  edge  of  the  Upper  Productive  tint  limits  the  Pittsburgh 
bed  ;  the  Lower  Barren  tint  defines  the  Freeport  upper  coal,  and  the 
Lower  Productive  tint  the  Brookville  coal-bed  ;  the  areas  of  inter- 
mediate or  higher  seams  were  estimated  from  assumed  intermediate 
outcrop  lines. 

After  computing  the  total  area  of  eadi  persistent  seam  in  any 
county,  the  percentage  of  this  area  over  which  the  bed  is  of  work- 
able quality  and  thickness  and  its  average  thickness  were  arbitrarily 
assumed  after  a  careful  study  of  the  data  published  in  the  county 
reports.  It  is  evident  that  there  is  here  introduced  a  large  personal 
error;  it  is  impossible  to  entirely  eliminate  such  errors,  but  they 
can  hardly  be  large  enough  to  seriously  impair  the  value  of  the  con- 
clusions. The  mass  of  facts  published  in  each  county  report  thor- 
oughly demonstrates  the  character  and  value  of  each  coal  seam,  and 
limits  this  personal  error  between  comparatively  narrow  bounds. 

But  no  matter  how  much  time  and  care  arc  spent  upon  such  work, 
the  personal  error  must  alv/ays  be  a  factor  of  some  importance.  Even 
in  the  anthracite  regions,  which  are  so  thoroughly  developed  by  actual 
mining  as  well  as  by  an  immense  amount  of  prospecting  work,  tliere 
seems  to  be  some  difficulty  in  estimating  the  available  coal.  In  his 
report  on  the  Philadcjlphia  and  Heading  C\)al  and  Iron  Coin]>any's 
property,  Mr.  Joseph  S.  Harris  estimates  the  available  coal  of  the 
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anthracite  regions  at  13,999.8  square  miles  one  foot  thick, — equiva- 
lent to  about  15,600,000,000  tons, — and  the  coal  area  at  483  square 
miles.  In  a  paper  read  September  1st,  1879,  before  the  American 
Association  for  the  Advancement  of  Science,  Mr.  P.  W.  Siieafer  esti- 
mates the  available  tonnage  at  26,361,076,000  tons,  placing  the  coal 
area  at  470  square  miles.  It  is  evident  that  the  discordance  between 
these  two  estimates  is  due  to  an  unavoidable  personal  error;  Mr. 
Sheafer  estimating  the  average  coal  thickness  at  nearly  double  that 
assumed  by  Mr.  Harris, — the  estimates  of  coal  areas  differing  very 
slightly. 

The  coejieient  of  error  is  probably  greatest  in  the  counties  contain- 
ing very  small  available  areas, — these  have  been  most  liberally 
estimated  ;  but  in  the  counties  containing  large  available  areas  the 
estimates  are  probably  much  less  than  the  actual  amount,  as  I  have 
strenuously  endeavored  to  underestimate  rather  than  exaggerate  the 
available  tonnage. 

The  actual  average  coal  contents  per  acre  for  each  foot  of  bed  meas- 
urement is  somewhat  in  excess  of  1650  tons,  but  deducting  one-eleventh 
for  slate,  bone,  and  sulphur  partings,  I  have  assumed  an  average  of 
1500  tons  per  acre  for  each  foot  of  bed  measurement. 

The  total  amount  of  available  coal,  limited  as  above  to  depth, 
thickness,  etc.,  is  33,547,200,000  tons.*  Assuming  that  75  per 
cent,  of  this  can  be  won  in  mining  we  have  25,160,400,000  tons  as 
the  posible  product;  sufficient  to  supply  the  whole  woi»ld  with  fuel 
for  eighty  or  ninety  years  at  the  present  rate  of  consumption. 

There  is  little  doubt  but  that  under  good  raining  management 
fully  75  per  cent,  of  the  coal  can  be  recovered.  Under  favorable 
circumstances,  more  than  90  per  cent,  should  be  won  at  mines  worked 
on  the  long-wall  'plan  or  on  a  modification  of  the  long-wall  and 
panel  systems. 

The  total  available  tonnage  may  be  divided  thus : 

Beds  over  6  feet  thick,  ....  10, 957, 203,000 
Beds  from  3  to  6  feet  thick,  .  .  .  19,58(3,800,000 
Beds  from  2  to  3  feet  thick,        .         .         .       3,003,200,000 


Total, 33,547,200,000 

Excludino;  coals  less  than  three  feet  in  thickness  we  have  an  avail- 
able  tonnage  of  30,544,000,000  tons,  and  if  75  per  cent,  of  this  is  re- 
covered we  have  22,908,000,000  tons  as  the  possible  output  from 
seams  three  feet  or  more  in  thickness.     Probably  two-thirds  of  this 

*  The  estimates  do  not  include  the  Broad  Top  coal-field. 
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amount  lies  favorably  situated  for  mining,  and  at  ordinary  prices  for 
labor  can  be  mined  and  j)laced  on  the  cars  at  an  average  cost  not  ex- 
ceeding one  dollar  per  ton ;  but  the  remaining  third  lies  beneath  water- 
level,  or  beneath  a  thick  covering  of  superimposed  measures,  and 
will  probably  cost  from  one  dollar  and  a  quarter  to  one  dollar 
and  a  half  per  ton  at  the  present  price  of  labor.  This  two-thirds  = 
15,272,000,000  tons,  accessible  above  water-level,  and  contained  in 
beds  not  less  than  three  feet  thick,  is  sufficient  to  maintain  the  pres- 
ent average  yearly  output  from  Pennsylvania  for  about  eight  hun- 
dred years,  or  to  supply  the  whole  world  for  fifty  years. 

The  statistics  of  production  show  a  yearly  increase  of  about  G  per 
cent,  from  18G4  to  the  present  time.  If  this  ratio  of  increase  is 
maintained,  the  yearly  output  will  reach  an  enormous  figure  in  thirty 
or  forty  years  (as  shown  in  the  first  column  of  the  following  table) ; 
but  as  West  Virginia,  Ohio,  Indiana,  and  several  of  the  Western 
States  are  rapidly  developing  their  coal  resources  and  taking  their 
share  of  the  increased  demand,  it  does  not  seem  probable  that  this 
percentage  of  increase  can  long  continue,  and  I  have  accordingly 
calculated  another  table  on  a  scale  of  decreasing  percentages  of  in- 
crease,— shown  in  the  second  column, — estimated  on  a  basis  of 
16,000,000  tons  production  in  1880. 


Year. 

Yearly  Tonnage. 

Yearly  Tonnage. 

Yearly  Increase. 

1880  .... 

16,000,000 

16,000,000 

1890  .... 

28,640,000 

28,640,000 

6  per  cent. 

1900  .... 

51,265,600 

46,396,800 

5       " 

1910  .... 

91,765,424 

68,000,000 

4       " 

1920  .... 

164,270,219 

•   91,120,000 

3       " 

1930  .... 

111,166,450 

2       " 

1940  .... 

122,840,000 

1 

Although  the  figures  of  the  second  column  arc  much  smaller  (han 
those  of  the  first  column,  they  still  are  in  my  opinion  much  in  ex- 
cess of  any  output  we  will  ever  reach  in  Pennsylvania.  T  am  in- 
clined to  think  that  the  ratio  of  increase  will  diminish  more  rapidly, 
— say  1  per  cent,  every  five  years, — that  the  maximum  output  will 
be  reached  between  1900  and  1020,  and  will  not  exceed  50,000,000 
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tons  per  annum.  At  this  rate  more  than  fiv^e  centuries  will  be  re- 
quired to  exhaust  the  coal. 

Seams  less  than  three  feet  iu  thickness,  unless  of  unusual  purity, 
or  located  in  the  counties  forming  the  northern  edge  of  the  coal-field, 
are  of  little  importance  at  present;  nearly  all  the  coal  now  marketed 
coming  from  seams  averaging  three  and  a  half  feet  or  more.  Many  of 
the  smaller  and  more  impure  coals  will  never  be  marketed,  although 
they  will  answer  well  to  supply  the  local  demand  for  domestic  use 
and  small  manufacturing  establishments.  Probably  10  per  cent,  of 
the  total  available  coal  will  be  used  to  meet  this  demand,  but  only 
a  small  percentage  of  this  will  actually  be  won  in  mining,  as  small 
mines  {county  banks),  worked  vicariously  from  year  to  year,  are 
almost  invariably  mismanaged,  and  more  than  one-half  the  coal 
irrecoverably  lost. 

The  possible  output  from  beds  above  water-level,  and  more  than 
three  feet  fhick,,  has  already  been  estimated  at  15,272,000,000  tons. 
It  will  be  safe  to  assume  that  one-third  of  this  will  be  of  sufficiently 
good  quality  to  furnish  good  coke,  an  amount  (5,090,666,066  tons) 
sufficient  to  smelt  2,500,000,000  tons  of  iron  ;  the  remaining  ten 
thousand  million  tons  will  furnish  excellent  gas  and  steam  coals. 

The  average  w'orkable  thickness  and  available  tonnage  of  each  seam 

are  shown  in  the  following  table,  which  is  illustrated  by  the  columnar 

section  (page  146)  drawn  on  a  scale  of  two  hundred  feet  to  an  inch. 

Upper  Barren  measures  : 

Washington  bed,  3'-3y,  . 


Upper  Productive  measures  : 

Waynesburg'bed,  Z^-b^, 
Uniontown  bed,  2^-3^, 
Sewickley  bed,  3^      . 
Bedstone  bed,  2^-3^. 
Pittsburgh  bed,  6^-12^, 

Lov>er  Barren  m.easures: 

Brusli  Creek,  Coleman,  etc.,  beds,    . 

lA)wer  Productive  tnea&ures  : 

In  AVestmoreland,  Fayette,  and  Alle- 
gheny counties, 
Millerstown  bed,  3', . 
Freeport  upper  bed,  3^-5'', 
Freeport  lower  bed,  2^-6 ', 
Kittanning  upper  bed,  2'-4', 
Kittanning  middle  bed,  2^-3' 
Kittanning  lower  bed,  1'-%' , 
Clarion  coals,  2^-3',  . 
Brookville  bed,  2^-4', 


787,200,000 

2,126,400,000 

312,000,000 

432,000,000 

326,400,000 

10,438,800,000 

878,400,000 


2,064,000,000 

28,800,000 
3,764,800,000 
2, ;^85, 600,000 
1,596,000,000 

829,800,000 
4,225,200,000 

696,000,000 
1,627,200,000 


787,200,000 


13,635,600,000 


878,400,000 


17,217,400,000 
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Conglomerate  series : 

Mercer  coals,  2''-3'',  . 
QiiEikertown  bed,  2'', 
Sharon  coal  horizon,  I'-i', 


932,600,000 
57,600,000 
38,400,000 


1,028,600,000 


Total,.         .         .         .         .         .         .         .       33,547,200,000 

UPPER    BARREN    MEASURES. 

The  Upper  Barren  measures  furnish  but  one  workable  seara,  the 
Upper  Productive  measures  five  beds,  the  Lower  Barren  measures 
three  or  four  coals  attaining  workable  size  in  parts  of  three  or  four 
counties,  the  Lower  Productive  measures  eight  workable  seams,  and 
the  Conglomerate  series  three  or  four  seams,  workable  over  limited 
areas  in  the  northwestern  counties. 

This  series  furnishes  but  one  seam  of  commercial  importance,  the 
Washington  bed,  which  attains  its  best  development  in  Washington 
and  Fayette  counties,  but  is  not  persistent  as  a  workable  seam  in 
any  other  county.  This  series  of  rocks  contains  (see  section)  several 
other  seams,  but  they  are  usually  very  thin  and  of  poor  quality, 
although  one — the  Waynesburg  "A"  bed  —  may  prove  workable 
over  a  small  area  in  Fayette  County. 

UPPER  PRODUCTIVE  MEASURES. 
Waynesburg  Bed. — This  is  a  seam  of  great  importance  in  Greene 
and  Washington  counties,  attaining  also  a  good  thickness  in  Fayette 
and  Westmoreland,  holding  the  fifth  place  among  the  productive 
coal  seams.  Professor  Stevenson's  admirable  maps  show  its  depth 
beneath  the  surlace  at  almost  every  cross-road  and  town  in  Greene 
and  Washington  counties.* 

Uniontown  Bed. — This  is  locally  workable  in  parts  of  Fayette  and 
Greene  counties.     It  is  of  little  importance. 

Sewickley  Bed. — The  same  remarks  apply  equally  well  to  this  bed, 
and  to  the 

Redstone  Bed,  which  is  also  locally  workable  in  Westmoreland 
and  Allegheny  counties,  with  an  average  thickness  of  from  two  to 
three  feet. 

Pittshurglh  Bed. — This  is  the  best  and  most  valuable  seam  of  the 
bituminous  coal  area.  It  ranges  from  six  to  twelve  feet  in  thickness, 
and  according  to  my  estimates  contains  nearly  one-third  of  the  avail- 
able bituminous  coal  in  Pennsylvania.     Its  most  extensive  areas  are 

*  See  Reports  K,  KK,  and  KKK,  of  Uio  Second  Geological  Survej'  of  Penn- 
sylvania. 
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found  in  Fayette,  Washington,  Allegheny,  Westmoreland,  and 
Greene  counties,  small  areas  also  occurring  in  Indiana,  Somerset, 
and  Beaver  counties.  The  purity  and  quality  of  this  coal,  and  the 
excellent  character  of  coke  made  from  it, — the  famous  Connellsville, 
— render  it  many  times  more  valuable  than  any  other  seam. 

In  parts  of  Washington  and  in  Greene  County  it  lies  deeply 
covered  beneath  a  great  thickness  of  overlying  measures,  but  its 
depth  at  almost  any  point  can  be  easily  determined  from  Professor 
J.  J.  Stevenson's  maps.* 

LOWER    BARREN   MEASURES. 

In  Indiana,  Somerset,  and  Butler  counties  this  series  contains 
several  beds,  attaining  workable  size  over  limited  areas,  and  in  Arm- 
strong and  Beaver  counties  there  is  also  a  small  quantity  of  mineable 
coal  in  these  measures.  It  will  probably  be  worked  principally  to 
supply  the  local  demand. 

LOWER   PRODUCTIVE    MEASURES. 

In  Fayette  and  Westmoreland  counties  the  coals  of  this  series  con- 
tain a  large  amount  of  available  coal ;  in  Allegheny  County  the  Free- 
port  coals  will  furnish  a  large  supply,  but  they  are  always  of  inferior 
quality.  The  tonnage  of  these  three  counties  available  from  the 
Lower  Productive  measures  was  estimated  en  masse,  the  data  not 
being  sufficient  to  warrant  a  finer  differentiation. 

llillerdown  Bed. — This  is  locally  workable  in  Butler  County  ;  it 
will  be  mined  to  meet  the  local  demand. 

Freeport  Upper  Coal. — This  bed  is  workable  in  parts  of  fifteen 
counties.  It  furnishes  some  excellent  coal,  is  often  a  superior  cok- 
ing coal,  and  in  the  western  counties  is  always  a  strong  steam  and 
often  a  good  gas  coal.  A  small  area  of  this  scam  in  Clarion  County 
is  of  a  "  block  "  character,  and  the  coal  has  been  used  raw  in  a  sn)all 
furnace  (10'  x  33')  to  smelt  the  limestone  carbonate  ores.  This  bed 
ranks  third  among  the  productive  seams. 

Freeport  Lower  Coal. — A  bed  of  great  importance  in  Jefferson, 
Indiana,  Clearfield,  Cambria,  Armstrong,  Centre,  and  Allegheny 
counties,  and  workable  in  parts  of  Beaver,  Butler,  Elk,  Blair,  Cam- 
eron, Westmoreland,  and  Fayette  counties.  It  ranks  fourth  among 
the  productive  seams,  and  will  furnish  a  large  supply  of  good  steam, 
coking,  and  gas  coals,  the  character  varying  with  the  locality. 

Kittann'mg  Upper  Coal. — Nearly  all  of  the  cannel  coal  in  Penn- 

*  Keports  K  and  KK. 
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sylvania  ooonrs  at  this  horizon.  It  is  the  celebrated  "  Darlington  " 
bed.  The  seam  often  consists  partly  of  cannel  and  partly  of  bitu- 
niinons  coal,  but  is  most  frequently  a  bituminous  seam  of  fair  quality, 
attainino;  workable  thickness  in  parts  of  Butler,  Armstrong,  Somer- 
set (bed  "D"),  Beaver  (cannel),  Indiana,  Jefferson,  Elk,  and  Ly- 
coming counties.  It  holds  the  seventh  place  among  the  productive 
seams. 

Kiltanning  Middle  Coal. — This  becomes  locally  workable  in  But- 
ler, Lawrence,  Jefferson,  Armstrong,  Elk,  Cameron,  and  Clarion 
counties.  It  will  furnish  probably  one-half  as  much  coal  as  the 
Ivittanning  Upper  bed. 

Kittanning  Lower  Coed. — In  twenty-two  counties  this  bed  attains 
a  workable  thickness  and  lies  above  water-level,  favorably  situated 
for  mining.  The  seam  lettered  "B"  in  Clinton,  Bradford,  Lycom- 
ing, Tioga,  and  Sullivan  counties  has  been  considered  its  eastern 
equivalent.*  Along  the  Allegheny  escarpment  it  is  an  excellent 
coking  coal,  and  in  the  western  counties  often  a  good  gas  coal,  and 
always  a  strong  steam  coal.  In  point  of  production  it  probably 
ranks  second  only  to  the  Pittsburgh  bed  ;  but  the  Freeport  Upper 
coal  may  possibly  equal  or  slightly  exceed  it  in  the  amount  of  easily 
accessible  coal.  It  averages  from  two  to  four  feet  in  the  western, 
and  from  three  to  six  feet  in  the  eastern  counties. 

Clarion  Bed. — This  is  formed  in  two  subdivisions  in  some  of  the 
western  counties,  its  upper  split  being  known  as  the  "Scrub-grass  " 
coal.f  Its  output  will  probably  be  applied  almost  exclusively  to 
satisfy  the  local  demand.  It  sometimes  furnishes  coal  of  excellent 
quality,  but  the  bed  is  usually  quite  thin. 

BrookvUle  Bed. — Bed  "A"  of  the  Allegheny  escari)ment  counties. 
It  will  be  about  equally  productive  with  the  Kittanning  Upper  seam, 
but  often  furnishes  a  very  sulphurous  fuel. 

CONGLOMERATE  SERIES. 

Mercer  Coals. — The  Mercer  Upper  and  Lower  coals  are  workable 
over  limited  areas  in  Lawrence,  Jefferson,  McKean,  Elk,  Mercer, 
Venango,  and  Forest  (?)  counties.  Excepting  in  McKean,  where 
their  [uoximity  to  market  enhances  their  value,  and  in  MenjerCouuty, 
where  they  attain  their  best  development,  they  are  of  little  impor- 


*   llciiort?  HHHH,  Hj,  and  Hg  sliowing  "  B  "  =  Lower  Kittanning  coal. 
t   Ueporls  V,  VV,  QQ,  qqq. 
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tance.  In  Elk  and  Jefferson  they  will  yield  a  considerable  tonnage, 
but  in  the  latter  county  at  least  this  will  be  applied  almost  exclu- 
sively to  meet  the  local  demand. 

Quakertown  Coal — Workable  over  a  small  area  in  Mercer  County. 

Sharon  Coal. — In  Mercer  County  this  is  a  bed  of  great  value,  but 
its  available  area  will  be  exhausted  in  the  near  future.  This  horizon 
will  furnish  a  small  amount  of  coal  in  Crawford  and  Warren  coun- 
ties, but  in  the  latter  county  it  is  thin  and  of  inferior  quality.  Its 
available  tonnage  has  been  estimated  on  a  most  liberal  basis. 

The  area  actually  covered  by  the  bituminous  coal  measures  in 
Pennsylvania  is  about  9000  square  miles.  The  Upper  Productive 
series  extends  over  but  a  small  fractional  portion  of  this  area;  the 
Barren  measures  cover  a  considerable  area,  hiding  beneath  a  thick 
covering  large  areas  of  the  coals  of  the  Lower  Productive  measures, 
otherwise  easily  accessible.  The  limits  adopted  in  making  these 
estimates  necessarily  compel  the  exclusion  of  many  such  areas  in 
computing  the  available  coal. 

Estimates  in  detail  for  each  county  are  given  in  the  following 
tables  in  alphabetical  order.  It  may  appear  that  in  many  cases  very 
small  areas  are  assigned  to  persistent  seams  occurring  over  large 
areas.  The  explanation  of  this  will  be  found  in  the  impure  or 
variable  character  of  the  bed,  or  its  depth  beneath  water-level,  or 
beneath  superimposed  measures  over  a  portion  of  the  area.  The 
casual  observer  is  apt  to  form  a  favorable  opinion  of  the  quality, 
thickness,  and  regularity  of  coal  seams  not  warranted  by  the  actual 
facts.  Findino;  several  banks  working;  on  the  same  bed  at  different 
localities  in  a  county  or  township,  at  all  of  which  the  bed  is  of  fair 
quality  and  thickness,  he  is  naturally  led  to  infer  that  the  seam  will 
be  found  of  equal  value  over  all  the  area  he  has  examined;  but  he  has 
perhaps  had  no  opportunity  of  examining  an  equal  or  greater  num- 
ber of  trial  openings,  at  which  the  bed  was  found  to  be  worthless,  for 
these  have  all  been  abandoned,  have  fallen  shut,  and  the  openings 
are  almost  obliterated.  Unless  this  fact,  is  kept  constantly  in  view, 
and  due  regard  is  given  to  the  variable  nature  of  most  of  our  bitu- 
minous coals  (especially  the  smaller  seams),  estimates  based  on  bed 
measurements  made  at  worh'mg  banks  will  almost  invariably  exag- 
gerate the  true  amount  of  available  coal  of  marketable  quality. 
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Alleffheny  County. 


Name  of  Bed. 

Average 

Coal 

Thickness. 

Acres. 

.     Tons. 

Square  Miles, 
1  foot  thick 

Redstone, 

r 

10^ 

32,000 
112,000 

80,000 

9(i,000,000 

1,680,000,000 

720,000,000 

100 

Pittsburgh, 

Lower  Productive  Coals,  . 

1750 
750 

Total, 

2,496,000,000 

2600 

Armstrong  County, 


Barren  Measures,  . 
Freeport  Upper,  .  . 
Freeport  Lower,  .  . 
Kittainiing  Upper, 
Kittanning  Middle, 
Kittaniiing  Lower, 
Clarion  Coal, .  .  .  . 
Brookville, 


2i' 

y 
y 
•y 
-y 

W 


6,400 
128,000 
48,000 
64,000 
32,000 
80,000 
12,800 

6,400 

Total, 


24,000,000 

25 

768,000,000 

800 

216,000,000 

225 

288,000,000 

300 

144,000,000 

150 

360,000,000 

375 

48,000,000 

50 

24,000,000 

25 

1,872,000,000 

1950 

Beaver  County. 


Pittsburgh  Bed,  .  . 
Brush  Creek, .  .  .  , 
Freeport  Upper,  .  . 
Freeport  Lower,  .  , 
Kittaniiing  Upper, , 
Kittanning  Lower, 
Clarion  Coal,    .  .  , 


y 
y 

2' 

y 
y 


800 
16,000 
35,200 
12,800 
64,000 
51,200 
6,400 

Total, 


9,600,000 

10 

72,000,000 

75 

158,400,000 

165 

48,000,000 

50 

192,000,000 

200 

153,600,000 

160 

19,200,000 

20 

652,800,000 

080 

Blair  County. 

Freeport  Upper, ;  4^  ;  3,200 

Freeport  Lower, \'y  j  3,200 

Kittanning  Lower,     .  .  ,  .  j  'iY  \  ^^,800 

Brookville, i  4^  (  6,400 

Total, 


19.200,000 

9,600,000 

25,200,000 

38,400,000 


92,400,000 


20 
10 
26 
40 


Bradford  County, 


Kittanning    Lower  ("B"),  I        V 
Brookville  (Bed  "A"),  .  .  1       r 


4,480 
6,400 

Total, 


26,900,000 
19,200,000 

28 
20 

i          46,100,000 

48 
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Butler  County, 


Name  of  Bed. 


Lower  Barrens,  . 
Millersto'.vn  Befl,  . 
Freeport  Upper,  .  , 
Freeport  Lower,  .  , 
Kittanniiig  Upper, 
Kittaiiniiig  Middle, 
Kittiinniiig  Lower, 

Clarion, 

Brookville, 


Coal 
Thuktiess. 

Acres. 

Tons. 

Square  Miles, 
1  foot  thick. 

3' 

y 

48,000 
6,400 

216,000,000 
28,800,000 

225 
30 

V 

70.400 

422,400,000 

440 

6^ 

y 

3,200 
83,200 
44,800 
32,000 

28,800,000 
374,400,000 

201,000,000 
144,000,000 

30 
390 
210 
l.JO 

r 
y 

48.01)0 
32,000 

Total, 

144,000,000 
144,000,000 

150 
150 

1,704,000,000 

1775 

Cambria  County. 


Freeport  Upper, 

Freeport  Lower, 

Kittanning  Lower  ("B"), 
Brookville  ("'A"),    .  .  .  . 


3i' 

y 


89,600 

64,000 

128.000 

83,200 


470,400,000 
240,000,000 
672,000,000 
374,400,000 


Total,   !     1,756,800,000 


490 
250 
700 
390 


1830 


Kittanning  Middle, 
Kittanniiig  Lower, 
Clarion  Coal,  .  .  .  . 


Cameron  County. 


y 
y 
y 


3,200 

9,600 

16,000 

Total, 


14,400,000 
43,200,000 
72,000,000 

129,600,000 


15 

45 


135 


Centre  County. 


Freeport  Upper,  .  . 
Freeport  Lower,  .  . 
Kittanniiig  flower, 
BrooUviile  Bed,   .  . 


y 


12.800 
32,000 
51.200 
44,800 

Total, 


76.800,000 
192.00<»,000 
345.600.000 
134.400,000 


748  800,000 


80 
200 
360 
210 


850 


Freeport  Upper,  .  . 
Freeport  Lower,  .  . 
Kittiinninir  Middle, 
Kittanning  Lower, 

Clarion 

Brookville, 


Clarion  County. 


H' 

3.200 

16,800,000 

17^ 

v 

3.200 

19,200,000 

20 

y 

25.600 

76.800.000 

80 

y 

96,000 

432,000.000 

450 

y 

32.000 

96,000.000 

100 

2y 

12,800 
Total, 

48,000,000 

50 

688,800,000 

717i 
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Clearfield  County, 


Najih  of  Bed. 

Average 

Coal 

Thickness. 

Acres. 

Tons. 

Square  Miles, 
1  loot  thick. 

Freeport  Upper, 

Freeport  Lower, 

Kittaiitiinj^  Lower,     .... 

■iV 
3' 

22.666 
64,000 
89,600 
64,000 

133,600,000 
384.000.000 
604,800,000 
288,000,000 

139 

400 
630 
300 

Total, 

1,410,400,000 

1469 

Clinton  County, 


Kittaiininw  Lower  ("B"), 
Brookviile  (''A''),    .  .  .  . 


3^ 


9,600 
6,400 

Total, 


43.200,000 
19,200,000 

45 

20 

62,400,000 

65 

Sharon  Horizon, 


C rail' ford  Co  u  n  ty. 

I       -y       I  3,200     I  14,400,000 


15 


Freeport  Upper,  .  , 
Freeport  Lower,  .  , 
Kittanninij  Upper, 
Kittanning  Midille, 
Kittaiining  Lower,  , 

Clarion, 

Mercer  Coals,    .  .  , 


Elh  County, 

y  3.200 

y  6,400 

'ly  16,000 

2y  28,000 

y  48,000 

2'  57,600 

y  64,000 

Total, 


24,000,000 
48,000,000 
60,000,000 
105,000,000 
216,000,000 
172,800,000 
288,000,000 


913,800,000 


25 

50 

62* 

1 1 2A 

225 

180 

300 

955 


Sharon  and  Mercer  Ho- 
rizons, 


Forest  County. 

•y       I         1,280?  I 


3,800,000? 


4? 


Fayette  County, 


Upper  Barrens, 

Waynesbiirg, 

Uniontown, 

Sewickley, 

Redstone, 

Pittsburgh, 

Lower  Productive  Beds, 


y 
y 
y 
y 
y 
ry 

4' 


25,600 
35,200 
48,000 
48,000 
25,600 
160,000 
128,000 

Total, 


115,200,000 

120 

264,000,000 

275 

216,000,000 

225 

216,000,000 

225 

115,200,000 

120 

2,880,000,000 

;i000 

768,000,000 

800 

4,574,400,000 

4765 
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Greene  County. 


Name  of  Bed. 

Average 

Coal 

Thickness. 

Acres. 

Tons. 

.Square  Miles, 
1  foot  thick. 

Waynesburg, 

Uniontown, 

5' 

3' 

8' 

160,000 
32,000 
48,000 
90,000 

1 
1,200,000,000            1250 
96  000  000     '         100 

Sewickley, 

216  000  000     !         225 

Pittsburgh, 

l,152io0oj00O            1200 

Total, 

2,664,000,000 

2775 

Indiana  County, 


Pittsburgh  Bed, I  1Y 

Barren  Measures, V 

Freeport  Upper, I  4' 

Freeport  Lower, !  2Y 

KittMiining  Upper,    .  .  .  .  ]  2^ 

Kittanniiig  Lower  ("  B  "),  3' 

Brookville, |  2Y 


12,800 
32,000 
192,000 
64,000 
32,000 
64,000 
19,200 

Total, 


144,000.000 

150 

192,000,000 

200 

1,152,000,000 

1200 

240.000,000 

250 

96,000,000 

100 

288,000,000 

300    . 

72,000,000 

75 

2,184,000,0"00 

2275 

Jefferson   County. 


Freeport  Upper,  .  . 
Freeport  Lower,  .  . 
Kittauning  Upper,. 
Kittannirig  Middle, 
Kittanning  Lower, 

Brookville, 

Mercer  Coals,    .  .  . 


y 

48,000 

216,000,000 

225 

4' 

160,000 

960,000,000 

1000 

r 

19,200 

86,400,000 

90 

r 

16,000 

72,000,000 

75 

2' 

80,000 

240,000,000 

250 

y 

44,800 

201,600,000 

210 

y 

48,000 
Total, 

216,000,000 

225 

1,992,000,000 

2085 

Lawrence  County. 


Kittauning  Middle, 
Kittanning  Lower, 

Clarion, 

Mercer  Upper,  .  .  . 
Mercer  Lower,  .  .  . 


r 

r 

V 

•y 

r 

48,000 

216,000,000 

225 

32,000 

96,000,000 

100 

12,800 

38,400,000 

40 

6,400 

28,800,000 

30 

6,400 

19,200,000 

20 

Total, 

398,400,000 

415 

Lycoming  County. 


Kittanning  Upper  ("D"),  i       V 
Kittanning   Lower  ("B"),   |        3^' 


3,200 
6,400 

Total, 


19,200,000 
33,600,000 

20 
35 

52,800,000 

55 
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Mercer  County. 


Name  of  Bed. 


Kittantiing  Lower, 

Clarion, 

Mercer  Upper,  .  . 
Mercer  Lower,  .  . 
Qiiakertown,  .  .  . 
Sharon, 


Average 

Coal 

ThicUiiess. 


2V 
V 


3.200 
16,000 
25,600 
64,000 
19,200 

3,200 

Total, 


Tons. 


12,000,000 
72,000,000 
96,000,000 
240,000,000 
57,600,000 
14,400,000 


492,000,000 


Square  Miles, 
1  foot  thick. 


\1\ 

75 
100 
250 

60 

15 


5121 


Clarion, .  .  .  . 
Mercer  Coals, 


McKeati  County. 


r 


3,200 
9,600 

Total, 


14,400,000 

28,800,000 

15 
30 

43,200,000 

45 

Kittanninfi;  Lower  ("B"), 
Brookvllle  ("A"), 


Potter  County, 


3,200 
3,200 

Total, 


14,400,000 
9,600,000 

15 
10 

24,000,000 

25 

Sullivan  County. 


Kittanning  Lower  ("B"),  \       y 


2,560 


11,520,000 


12 


Somerset  County. 


Pittsburgh, 

Lower  Barrens, 

Freeport  Upper, 

Kittanning  Upper  ("D''), 
Kittantiing  Lower  ("B''), 
Brookville  ("A"), 


8^-10' 

(Piatt) 

42,000,000 

44 

6^ 

41,600 

374,400,000 

390 

V 

51.200 

307,200,000 

320 

V 

80,000 

480,000,000 

500 

?>v 

64,000 

336,000,000 

350 

y 

51,000 
Total, 

230,400,000 

240 

1,770,000,000 

1844 

Kittanning  Lower  ("  B  "), 
Brookville  ("A"), 


Tioga  County. 


■y 


12,800 
3,200 

Total, 


115,200,000 
14,400,000 

120 
•  15 

129,600,000 

135 
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Venango  County, 


Name  of  Bed. 


Average 

Coal 

I  Thickness. 


Kittanninn:   Lower, 

Clarion, 

Brook  vi  lie, 

Mercer  Coals,    .  .  . 


2y 


3,200 
6,400 
3,200 
3,200 

Total, 


Tons. 


12,000,000 

19,200,000 

9,600,000 

12,000,000 


52,800,000 


-fjiiare  Miles, 
1  loot  thick. 


12^ 

20 
10 
12^ 


55 


Washinjjton, 
Way  lies  burg, 
Pittsburjrh.  . 


Washington  County. 


H' 


6' 


128,000 
128,000 
320,000 

Total, 


672,000,000 

576,000,000 

2,880,000,000 

700 

600 

3000 

4,128,000,000 

4300 

Westmoreland  County. 


Waynesbiu-tr, 

Redstone, 

8' 
4^ 

19,200 

25,600 

137,600 

96,000 

Total, 

86,400,000 

115,200,000 

1,651,200,000 

576,000,000 

90 
120 

Pittsburoh, 

1720 

Lower  Productive  Coals,   . 

600 

2,428,800,0"0 

2530 

Warre 

n  County, 

Sharon  Horizon, 

2^ 

3,200 

9,600,000 

10 

The  reports  already  published  by  the  Second  Geological  Survey 
of  Pennsylvania,  descriptive  of  the  bituminous  coal  area,  now  num- 
ber twenty-one  octavo  volumes,  besides  two  volumes  and  one  atlas 
ou  the  fossil  flora  of  the  coal  measures,  and  a  special  volume  on  the 
coke  industry  of  the  Youghiogheny.  Nearly  all  of  these  reports  are 
illustrated  by  geologically-colored  county  maps  on  a  scale  of  two 
miles  to  one  inch.  Besides  this  series  of  maps,  there  is  another 
series  now  in  preparation  on  a  scale  of  six  miles  to  one  inch,  which, 
when  completed,  will  be  published  in  atlas  form.  At  some  time  in 
the  near  future  it  is  ray  intention  to  construct  from  the.se  maps  an 
accurately-colored  map  of  the  bituminous  coal  area.  I  had  hoped 
to  illustrate  this  paper  with  such  a  map,  drawn  and  colored  to  show 
the  relative  areas  of  the  principal  productive  horizons,  but  as  the 
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maps  of  Cambria,  Somerset,  Clearfield,  and  Centre  counties  are  not 
yet  completed,  I  have  thought  best  to  wait  until  all  of  these  are 
finished  and  approved  by  the  State  geologist.  The  estimates  of  areas 
and  tonnage  in  these  four  counties  probably  contain  larger  errors 
than  any  of  the  remaining  districts,  as  it  is  impossible,  in  the  absence 
of  the  geologically-colored  maps,  to  limit  the  productive  areas  with 
any  great  degree  of  accuracy. 

The  tables  showing  the  county  tonnage  develop  the  fact  that  each 
county  contains  an  average  of  but  four  or  five  accessible  seams  of 
commercial  importance. 

2  counties  contain  9  important  scams. 

2  "  8  " 

4  "  7  " 

2  '«  6  " 

2  "  5  " 

7  «  4  u 

2  "  3 

7  u  2  " 

3  "  1  » 

If  the  counties  are  tabulated  according  to  their  available  tonnage 
we  find  Fayette  standing  at  the  head,  followed  by  Washington, 
Greene,  Allegheny,  Westmoreland,  Indiana,  Jefferson,  Armstrong, 
Somersetj  Cambria,  Butler,  Clearfield,  etc.,  but  we  must  not  loae 
sight  of  the  fact  that  this  may  not  be  the  order  in  which  they  stand 
in  reference  to  their  present  value  and  importance  as  coal-producing 
areas.  Mr.  Joseph  S.  Harris,  in  his  able  report  on  the  Philadelphia 
and  Reading  Coal  and  Iron  Company's  property,  has  clearly  shown 
that  the  present  money  value  of  any  coal  area  depends  largely  upon 
the  time  at  which  development  is  commenced,  the  time  elapsing  be- 
fore its  maximum  output  is  reached,  and  the  time  occupied  in  ex- 
hausting the  tract,  the  present  money  value  rapidly  decreasing  as  any 
one  of  these  variables  is  increased. 

The  same  principle  is  undoubtedly  applicable  to  the  bituminous 
coal  areas.  Those  areas,  so  situated  that  their  development  can  be 
economically  prosecuted  at  present  or  in  the  near  future,  possess  a 
much  greater  relative  present  value  than  areas  not  so  favorably 
situated;  thus  some  of  the  counties  forming  the  northern  rim  of 
the  bituminous  coal  area  are,  because  of  their  pi-oximity  to  the  North- 
ern markets,  and  their  present  development,  of  much  greater  i)resent 
importance  as  coal  producers  than  centrally  located  areas  containing 
many  times  as  much  available  coal. 

VOL.  X. —  U 
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The  amount  of  coal  excluded  from  these  estimates  on  account  of 
poor  quality,  depth  beneath  water-level,  or  beneath  overlying  rocks 
is  very  great.  As  these  estimates  prove  the  existence  of  an  amount 
of  easily  accessible  coal  of  good  quality  sufficient  to  supply  the  de- 
mand for  several  centuries,  estimates  of  the  tonnage  of  these  impure 
seams  or  inaccessible  areas  would  be  of  no  practical  value  to  the 
present  generation. 

CHEMICAL  METHODS  FOR  ANALYZING  BAIL-STEEL. 

BY  MAG^^US  TROILIUS,  CHEMIST  TO  C.  P.  SANDBERG,  LONDON",  ENGLAND. 
INTRODUCTION. 

BY   C.    P.    SANDBERG. 

SixcE  the  discussion  on  steel  rails  in  America  has  forcibly  drawn 
attention  to  the  value  of  chemical  analysis,  if  not  as  a  necessary  stip- 
ulation, at  least  as  a  guide  to  control  the  usual  mechanical  tests, 
some  doubt  has  been  thrown  upon  the  accuracy  of  the  analytical 
results  obtained  by  different  chemists. 

To  any  one  having  the  least  acquaintance  with  chemistry,  it  is 
quite  clear  that  if  exactly  similar  results  are  to  be  obtained  from  the 
same  borings  of  steel,  exactly  the  same  methods  must  be  used  by 
the  different  analysts.  Hence  the  necessity  (if  complications  are  to  be 
avoided)  of  establishing  what  I  may  call  standard  or  normal  meth- 
ods, to  be  used  both  by  the  inspectors  and  by  the  chemists  at  the 
works.  Remembering  that  the  application  of  chemistry  to  steel- 
rail  inspection  is  yet  in  its  infancy,  it  is  of  great  importance  to  pos- 
sess a  perfect  acquaintance  with  the  best  methods  in  use. 

Being  myself  a  grateful  pupil  of  Professor  Eggertz,  of  the  School 
of  Mines  in  Sweden,  it  occurred  to  me,  two  years  ago,  that  I  could 
not  do  better  than  start  a  laboratory  of  my  own,  and  engage  one  of 
his  pupils,  Mr.  Troilius,  for  the  purpose  of  analyzing  the  steel  bor- 
ings from  mechanically-tested  rails,  so  that  I  might  thus  obtain 
without  delay  thoroughly  accurate  determinations. 

Moreover,  in  order  to  carry  on  the  operations  in  perfect  accord- 
ance with  the  methods  used  at  the  steel  works  in  England  and  Ger- 
many, where  I  had  to  control  the  manufactui'e,  I  deemed  it  desira- 
ble to  allow  Mr.  Troilius  to  go  through  a  course  of  training  at 
these  works;  and  I  gladly  seize  this  opportunity  of  expressing  ray 
grateful  acknowledgments  to  several  works  in  England  and  in  Ger- 
many for  affoi*ding  every  facility  for  such  an  exchange  of  informa- 
tion as  was  found  necessary  in  arriving  at  the  best  analytical  methods 
to  be  used. 
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The  value  of  this  preliminary  training  has  already  become  evi- 
dent, for,  after  working  a  year  in  my  own  laboratory,  we  find  that 
the  results  hardly  ever  differ  from  those  obtained  at  the  works;  or, 
at  any  rate,  they  rarely  differ  from  the  results  of  those  professional 
chemists  who  check  the  same  borings  in  case  of  any  discrepancy. 

Inasmuch  as  this  work  is  principally  executed  for  America,  it 
naturally  follows  that  if  it  is  checked  by  American  chemists,  it  will 
be  of  interest,  both  for  them  and  for  the  chemists  on  this  side  of 
the  Atlantic,  to  know  the  methods  of  analysis  followed  in  the  two 
countries.  With  this  view,  1  beg  to  introduce  the  following  paper, 
which  has  been  very  carefully  worked  out  by  Mr.  M.  Troilius,  and, 
therefore,  deserves  the  attention  of  the  members  of  the  Institute. 

I  can  only  say  of  this  paper,  as  I  have  said  in  my  own  on 
"  Rail  Specifications  and  Rail  Inspection  in  Europe,"*  that  it  fully 
explains  the  methods,  which  I  have  hitherto  adopted,  with  excellent 
results.  But,  if  any  better  methods  can  be  suggested  by  American 
chemists,  I  shall  only  be  too  glad  to  modify  my  present  mode  of 
working. 

It  remains  for  me  to  add  that  Mr.  Troilius  will  have  great  pleas- 
ure in  answering  any  questions  that  may  be  addressed  to  him,  with 
reference  to  the  following  methods  for  the  application  of  chemistry 
to  steel-rail  inspection. 

19  Great  George  Street,  Westminster, 
London,  August,  1881. 

CHEMICAL  METHODS  FOR  ANALYZING  RAIL-STEEL. 

USEFUL    APPLIANCES. 

One  of  the  most  useful  and  necessary  appliances  in  a  steel  lab- 
oratory is  the  hot-plate.  An  iron  plate,  12"  x  18"  X  f"  thick, 
heated  from  below  by  a  good  Bunsen  burner,  will  answer  very  well. 
Or,  if  more  convenient,  the  plate  may  be  combined  with  a  coke  fire 
and  a  muffle-furnace,  the  coke  fire  thus  heating  both  the  plate  and 
the  muffle-furnace.  In  any  case  the  plate  shoidd  be  heated  in  such 
a  manner  as  to  have  a  boiling  temperature  at  only  one  part,  from 
which  part  the  heatshould  gradually  decrease  towards  the  edges.  Thus 
arranged,  the  plate  forms  a  very  satisfactory  substitute  for  water- 
baths,  drying-boxes,  etc.,  as  will  be  seen  in  the  following  descrip- 
tion of  the  methods.  There  is  no  risk  of  destl'oying  beakers,  etc., 
after  sufficient  experience  in  working  the  phite  has  been  acquired. 

A  plate  of  this  kind  has  been  in  use  in  the  Royal  School  of  Mines 

*  Transactions,  vol.,  ix,  p.  103. 
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in  London,  for  about  fifteen  years,  but,  as  far  as  I  am  informed,  it  was 
Mr.  Snelus  who  first  employed  a  plate  in  this  way  at  Dowlais,  and 
it  has  since  become  universally  used  in  English  and  Welsh  labora- 
tories. I  should  also  mention  that  it  has  been  successfully  intro- 
duced in  the  Stockholm  Scliool  of  Mines,  in  accordance  with  my 
suggestion  last  year  in  the  Jcrnkontorets  Annaler.  In  German  steel 
laboratories  the  water-bath  and  other  more  "scientific"  a[)pliance3 
are  more  generally  in  use  than  in  England  and  Wales ;  in  fact,  I 
have  not  so  far  seen  the  plate  used  in  any  of  the  German  steel 
works  which  I  have  visited.  It  is  necessary  to  have  the  plate  placed 
under  a  good  draught,  so  as  to  remove  all  the  noxious  fumes  which 
are  evolved  during  the  operations  conducted  on  the  plate. 

As  regards  other  useful  appliances,  belonging  to  a  well-fitted  steel 
laboratory,  they  are  all  more  or  less  common,  or  are  only  occasion- 
ally used,  and  do  not  deserve  as  much  attention  as  the  above-named 
plate.  Eluted  funnels,  however,  are  worthy  of  being  mentioned  as 
being  somewhat  quicker  to  work  with  than  ordinary  plain  ones.  I 
have  not  found  them  in  use  on  the  Continent  as  frequently  as  in  the 
United  Kingdom,  but  they  are  now  beginning  to  be  somewhat  more 
appreciated,  even  in  Continental  countries. 

CARBON    DETERMINATION. 

Eu-cjertz's  color-test  is  a  very  accurate  method  for  determining  car- 
bon  in  rail -steel,  provided  the  operator  has  sufficient  experience  and 
takes  all  the  necessary  precautions.  At  the  same  time  this  method 
has  the  great  advantage  of  being  very  rapid.  It  is  now  nearly 
twenty  years  since  this  method  was  described  iu  Sweden  and  Ger- 
many by  Professor  Eggertz,  and  very  shortly  afterwards  Mr.  C.  P. 
Sandberg  published  an  English  translation  of  the  method  in  the 
Chemical  News*  In  Great  Britain  the  color-test  is  now  very  largely 
used,  every  blow  in  the  Bessemer  converter  being  thus  tested  for 
carbon,  and  in  the  hands  of  skilled  manipulators  it  gives  great  sat- 
isfaction. In  German  steel-laboratories  the  color-test  is  not  so  much 
used  as  in  Great  Britain,  and  costly  arrangements  are  often  em- 
ployed for  carrying  out  determinations  of  carbon  by  the  combustion 
process  on  a  large  scale.  For  the  daily  control  of  rail-steel,  how- 
ever, this  is  rather  an  impracticable  arrangement,  when  results,  accu- 
rate within  0.01  per  cent.,  can  so  rapidly  be  obtained  by  the  color-test. 

Experience  soon  taught  the  manipulators  at  steel  works  to  modify 
the  method  in  many  respects,  so  as  to  attain  greater  rapidity,  thus 

*  Chemical  News,  vol.  vii.,  p.  254. 
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deviating  from  tlie  directions  given  by  Professor  Eggertz  in  1862. 
There  lias,  however,  been  some  uncertainty  as  to  many  of  the  de- 
tails, and  as  some  rather  serious  discrepancies  have  occasionally  oc- 
curred, especially  in  analyzing  the  harder  classes  of  steels,  there  have 
not  been  wanting  people  who  denounce  the  whole  method.  It  is,  there- 
fore, with  great  pleasure  that  I  am  able  to  accompany  this  paper 
with  a  translation  of  Professor  Eggertz's  recent  article  on  the  sub- 
ject. As  the  contents  of  this  article,  or,  at  least,  the  more  important 
points,  were  kindly  communicated  to  me  some  weeks  before  it  was 
published  in  Sweden,  I  have  had  ample  opportunity  of  applying 
the  experience  thus  gained,  and  have  found  it  thoroughly  corrobor- 
ated by  my  own  results. 

The  most  important  facts  in  Professor  Eggertz's  paper  are  con- 
tained in  the  rules  given  for  (1)  quantity  of  acid  required  for  each 
0.1  gram  of  steels  of  different  percentages  of  carbon,  and  (2)  minimum 
addition  of  water  required  for  each  0.1  gram  of  steels  dissolved  in 
nitric  acid,  to  remove  the  iron  color. 

Referring  to  the  complete*  translation  for  further  information,  I 
will  now  explain  how  I  carry  out  my  determinations  of  carbon  in 
rail-steel  by  means  of  the  color-test.  My  mode  of  manipulation  is 
the  same  as  that  used  at  most  English  and  Welsh  steel  works,  with 
the  modifications  of  the  two  above-mentioned  new  rules  of  Professor 
Eggertz. 

I  use  0.2  gram  of  the  steel  for  testing,  and  along  with  every  set 
of  samples  0.2  gram  of  standard  steel  is  dissolved.  This  is  indis- 
pensable with  the  mode  of  procedure  I  adopt,  no  ))recautions  being 
taken  to  exclude  the  sunlight,  etc.  The  solution  is  effected  in 
test-tubes,  6  inches  long  and  about  |-inch  internal  diauieter.  The 
dimensions  of  the  test-tubes  are  not  a  matter  of  great  importance,  but 
they  should  not  be  too  narrow. 

The  nitric  acid  I  always  allow  to  flow  into  the  tubes  from  a  grad- 
uated burette,  this  being  by  fav  the  best  way  of  adding  the  acid.  The 
tubes  are  then  put  into  a  beaker  4  to  5  inches  high,  half  filled  with 
water.  The  beaker  may  be  advantageously  covered  with  a  perforated 
tin  plate,  and  the  tubes  put  through  the  holes  and  thus  steadied.  Heat 
is  then  a])|)lied,  and  boiling  is  continued  until  the  steels  are  dis- 
solved. This  seldom  requires  more  than  half  an  hour,  and  is  greatly 
promoted  by  the  jumping  of  the  tubes  in  the  boiling  water.     When 


*  The  accompanyinii;  translation  contains  an  addition  made  after  publishing 
the  article  in  Sweden,  uiul  is  tliiis  believed  to  be  more  complete  tiian  any  trans- 
lation which  has  already  appeared  in  print.     See  Appendix. 
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the  solution  is  completed,  the  tubes  are  put  into  cold  water,  and  the 
determination  of  carbon  is  thereupon  carried  out  by  means  of  the 
carbon-tubes.  The  carbon-tubes  are  generally  bought  in  sets  of  three 
tubes,  one  of  which  is  graduated,  and  the  other  two  not.  The  tubes 
in  each  set  are  selected  carefully,  so  as  to  be  of  the  greatest  possible 
uniformity  as  to  dimensions  and  Cjuality  of  glass.  Their  capacity  is 
20  c.c. 

In  my  ordinary  work  I  put  the  standard-steel  solution  into  one 
of  the  ungraduated  tubes,  measuring  off  by  aid  of  the  graduated 
tube,  and  in  very  particular  analyses  I  use  standard-steel  solutions 
of  different  colors  in  both  the  ungraduated  tubes.  This  helps  the 
eye  to  catch  faint  differences  in  tint.  The  solutions  for  testing  are 
put  into  the  graduated  tube. 

The  differences  in  the  results,  which  are  sometimes  obtained  Avhen 
analyzing  the  harder  classes  of  steel  by  the  color-test,  are  not  ob- 
served as  far  as  rails  are  concerned,  and  I  find  no  difficulty  in  ob- 
taining accurate  results  in  this  case.  In  fact,  as  far  as  my  experi- 
ence goes,  the  carbon  in  rails  is  that  element  which  can  be  most 
easily  accurately  determined,  and  this  by  the  simple  color-test.  But 
even  for  harder  steels  a  very  much  greater  certainty  is  now  secured 
by  the  method  described  in  Professor  Eggertz's  latest  publication. 

It  is  always  desirable,  if  not  necessary,  that  the  standard  steel 
should  have  a  percentage  of  carbon  not  differing  too  widely  from  the 
average  percentage  of  carbon  in  the  steels  for  testing;  especially  when 
dealing  with  very  soft  steels  one  finds  the  necessity  of  having  a  low 
standard. 

In  working  this  method  for  carbon  estimation,  when  the  carbon 
ranges  from  0.10  to  0.80  per  cent.,  I  have  obtained  accurate  deter- 
minations with  great  rapidity  ;  and  this,  indeed,  is  the  great  value  of 
the  method,  which  is  best  seen  by  its  application  for  ascertaining  the 
carbon  in  every  blow,  even  at  the  largest  steel  works  in  England, 
where  hundreds  of  charges  are  made  per  day.  Ordinarily,  a  boy  is 
trained  to  do  this  work,  under  superintendence  of  the  chief  chemist, 
and  consequently  the  cost  of  execution  is  but  very  small. 

The  plan  of  dissolving  rapidly  and  then  cooling  the  tubes,  as  just 
described,  was  originally  employed  by  Mr.  Snelus  at  Dowlais. 

PHOSPHORUS   DETERMINATION. 

The  greater  number  of  steel  works  which  I  have  visited  use  Eg- 
gertz's raolybdic  method  for  determination  of  phosphorus  in  steel. 
Except  in  Sweden,  however,  it  is  only  at  one  Jarge  works  in  Ger- 
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many  that  I  have  seen  this  method  carried  out  in  the  way  originally 
described  by  Professor  Eggertz ;  and  at  that  works  superior  appli- 
ances, enabled  the  manipulators  to  obtain  pretty  quick,  and  cer- 
tainly very  accurate,  results,  even  when  using  weighed  filters,  and 
working  upon  the  small  prescribed  quantity  of  1  gram.  At  other 
German  works  it  was  the  practice  to  redissolve  the  phospho-molyb- 
date  obtained,  and  to  finish  the  analysis  by  the  magnesia  method. 
But  at  all  the  English  and  Welsii  works  with  which  I  am  ac- 
quainted the  phosphorus  is  estimated  by  weighing  the  phospho- 
molybdate  itself  Several  grams  of  the  steel  are  always  used,  and 
the  precipitate  is  generally  brushed  off  from  the  filter.  Only  at  one 
Welsh  works  have  I  seen  it  gently  burnt,  so  as  merely  to  incinerate 
the  filter. 

The  former  of  the  two  last-named  modes  of  manipulation  is  the 
one  I  use.  Like  so  many  other  useful  modifications  in  the  chemistry 
of  iron  and  steel,  this  plan  was  originally  introduced  at  Dowlais  by 
Mr.  Snelus.  In  the  following  pages  I  will  describe  the  process,  and 
at  the  same  time  refer  briefly  to  the  Welsh  "  burning"  method  and 
to  the  magnesia  method,  etc. 

The  Brushing  Method. — The  solution  of  the  steel  for  the  determi- 
nation of  phosphorus  is  an  easy  operation.  Not  less  than  5  grams 
of  steel  are  dissolved  in  a  mixture  of  equal  volumes  of  strong  nitric 
and  hydrochloric  acids.  (I  use  for  this  purpose  nitric  acid  1.42,  and 
hydrochloric  acid  1.195  sp.  gr.)  No  loss,  through  escape  of  phos- 
phorus, in  combination  with  hydrogen,  is  hereby  incurred.  The 
solution  is  evaporated  to  dryness,  and  heated  until  all  dark  fumes 
have  censed  to  escape.  A  beaker  or  a  porcelain  dish  may  be  used, 
according  to  circumstances,  and  evaporations,  etc.,  are  performed  on 
the  hot  plate.  By  the  evaporation  to  dryness  the  complete  solution 
of  the  steel  is  secured,  all  organic  matter  is  destroyed,  and  the  silica 
can  be  separated,  which  is  advisable  if  it  is  present  in  any  noticeable 
quantity. 

The  dry  mass  is  then  dissolved  in  strong  hydrochloric  acid,  the 
excess  of  acid  removed  by  evaporation,  hot  water  added,  and  the 
silica  filtered  off.  (If  little,  or  no  silica  is  present,  it  is  of  course  un- 
necessary to  filter  it  off,  and  the  precipitation  of  phosphorus  may 
then  at  once  be  proceeded  with.)  The  filtrate  is  evaporated  down  to 
a  small  bulk,  so  that  it  is  only  just  fluid  ;  it  is  allowed  to  cool,  and 
then  about  4  c.c.  of  the  strong  nitric  acid  are  added.  A  little  rinsing- 
water  is  introduced,  so  as  to  make  the  bulk  about  20  c.c.  The  beaker 
is  strongly  shaken  in  the  right  hand,  while  from  a  pipette,  which 
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is  held  in  the  left  hand,  20  c.c.  of  the  solution  of  molybdate  of  am- 
monia are  allowed  to  run  into  the  beaker  in  a  thin  stream. 

The  solution  of  molybdate  is  prepared  by  dissolving  100  grams 
of  molybdate  of  ammonia  in  1000  e.c.  of  water  and  100  cc.  of  am- 
monia, 0.88  sp.  gr.  It  is  of  no  advantage  to  use  less  strong  solu- 
tions of  molybflate  than  this,  as  one  has  then  to  employ  a  larger 
quantity  of  the  same,  and  thus  obtain  a  greater  bulk,  the  work  being 
thereby  retarded. 

After  pouring  in  the  solution  of  the  molybdate,  a  few  drops  of 
ammonia  (0.88)  are  added,  and  the  beaker  is  shaken  until  the  precipi- 
tate of  iron  has  disajtpeared.  The  phospho-molybdate  is  then  com- 
pletely down,  and  you  have  only  to  leave  the  beaker  on  the  less  hot 
part  of  the  plate  at  least  for  one  hour  ;  allowing  it  during  that 
time  to  settle,  and  shaking  it  up  again  repeatedly.  After  the 
last  shaking  the  precipitate  must  separate  distinctly,  and  leave  a 
perfectly  clear,  supernatant  solution.  There  is  no  danger  of  getting 
molybdic  acid  down,  even  if  you  were  to  boil  for  a  moment  or  to  use 
a  large  excess  of  molybdate,  provided  that  there  is  a  sufficiently  large 
quantity  of  nitric  acid  present.  But,  if  there  is  arsenic  in  the  steel, 
this  will  come  down  along  with  the  phosphorus  and  cause  too 
high  results.  The  use  of  the  ammoniacal  solution  of  molvbdate  of 
ammonia  causes  a  considerable  elevation  of  temperature;  hence,  as 
will  be  siiown  below,  the  precipitation  of  arsenic. 

After  settling,  pour  the  liquid  on  to  a  good  Swedish  4-inch  filter; 
wash  the  filter  with  cold  water,  containing  1  per  cent,  of  nitric 
acid,  until  it  is  quite  white;  wash  the  precipitate  in  the  beaker  once 
by  decanting  with  ordinary  water,  moderately  hot ;  and,  finally,  wash 
the  precipitate  down  on  the  filter,  and  collect  it  at  the  centre,  with  as 
few  washings  as  possible  with  ordinary  water,  moderately  hot.  The 
filter  should  be  quite  white  before  the  precipitate  is  washed  on  to  it. 

If  the  washing  is  conducted  in  this  way  no  loss  will  be  incurred 
in  dissolving,  neither  will  the  fluid  run  through  turbid.  The  solu- 
bility of  the  phospho-molybdate  precipitate,  at  16°  C,  is  given  by 
Professor  Esrsertz  as  follows  : 


"o&" 


In  pure  water,         .         .         .         .         .         .         .1  part  in  10,000 

In  water,  with  1  per  cent,  of  nitric  acid,      .         .1         "       6,600 

In  hydrochloric  acid,  L12, 1         "  550 

In  nitric  acid,  1.2, 1         "  190 

If  to  the  solvent  be  added  a  solution  of  molybdate  of  ammonia, 
equal  to  about  half  of  its  volume,  the  solvent  action  seems  to  be  con- 
siderably lessened. 
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After  wnsliing,  unfold  the  filter  containinjr  the  precipitate  upon 
another  filter,  and  put  it  on  the  edge  of  the  plate  to  dry.  The  un- 
folded filter  should  be  covered  with  a  large  watch-glass,  so  as  to  pre- 
vent dust  from  getting  into  it.  As  to  the  temperature  for  drying, 
this  is  by  no  means  so  essential  a  point  as  is  often  supposed,  and  the 
precipitate  may  be  dried  for  hours  at  a  temperature  between  100°  and 
140°  C.  without  changing  its  percentage  of  phosphorus  in  any  note- 
worthy degree,  as  stated  by  Professor  Eggertz,  whose  results  in  this 
respect  arc  compiled  in  the  following  table  : 

Temperature.  Loss  per  cent,  of  Weight  of  Precipitate. 
9.5o_100°    C.  0.40 

]  00°— 120°    "  0.20 

120°— 140°    "  0.05 


95o_i4oo    ,c  0.65 

The  total  loss  in  weight  is  thus  only  0.65  per  cent,  when  drying 
at  140°  C,  and  this  has  no  practical  influence,  considering  the  small 
amount  of  phosphorus  in  the  precipitate  and  the  large  quantity  of 
steel  operated  upon.  The  precipitate  also  retains  its  yellow  color  at 
the  temperature  of  melting  lead  (325°  C),  but  gets  black  at  the 
temperature  of  melting  zinc  (400°  C). 

When  dry,  the  precipitate  is  shaken  down  into  a  weighed  platinum, 
or  porcelain  dish,  the  brush  not  being  applied  until  nothing  more 
can  be  loosened  from  the  filter  by  mere  shaking.  It  is  a  convenient 
practice  to  hold  the  filter  in  the  left  hand,  and  to  knock  gently  on 
this  hand  with  the  other. 

Having  thus  given  the  outlines  of  my  mode  of  using  the  molybdic 
method,  I  would  add  the  following  precautions,  which  are  necessary 
for  attaining  accurate  results  : 

1st.  Removing  excess  of  hydrochloric  acid  from  the  solution  by 
evaporation. 

2d.  Adding  the  solution  of  molybdate  in  a  very  thin  stream, 
shaking  well. 

3d.  Great  care  in  the  washing  and  brushing  oif. 

As  for  the  weighing  it  is  advisable  to  dry  in  the  vessel  repeatedly, 
and  weigh  two  or  three  times  before  finally  deciding  the  weight. 

In  Eggertz^s  original  method  there  is  used  for  the  determination  of 
phosphorus  in  steel  only  1  gram.  The  solution  of  the  molybdate  is 
prepared  from  100  grams  of  pure  molybdic  acid  to  422  c.c.  ammonia 
(0.95  sp.  gr.),  and  1250  c.c.  nitric  acid  (1.2  sp.  gr.).  By  using  such 
a  small   quantity  of  steel   one  advantage   is  gained,  viz.,  that  no 
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evaporation  after  separation  of  the  silica  is  required,  the  bulk  being 
very  small  if  the  washing  has  been  carefully  performed.  But  of 
course  brushing  cannot  be  applied  when  such  a  small  quantity  of 
steel  is  taken;  weighed  filters  must  then  be  used. 

As  to  the  precipitation  in  this  case  you  may  manage  to  have  the 
iron  solution  of  15  to  20  c.c.  volume,  and  add  to  the  same  at  least 
half  its  volume  of  the  above-mentioned  solution  of  molybdate.  The 
solution  is  well  stirred  and  left  at  a  temperature  of  40°  C.  for  one 
to  three  hours,  after  which  the  precipitate  is  collected  on  the  weighed 
filter,  dried,  and  weighed. 

In  Sweden  it  is  of  great  importance  to  keep  the  temperature  not 
above  40°  C,  as  some  of  the  very  purest  Swedish  irons  and  steels 
contain  arsenic,  which  will  come  down  as  a  yellow  precipitate  similar 
to  the  ])hospho-molybdate.  At  70°  C.  this  arsenio-molybdate 
(containing  4.11  per  cent,  of  arsenic)  comes  down  pretty  quickly,  and 
on  boiling  it  precipitates  at  once.  It  is  easy  to  understand  how 
important  it  must  be  to  avoid  estimating  the  arsenic  as  phosphorus 
in,  for  instance,  a  Danneraora  "  Walloon  "  iron,  where  the  phosphorus 
may  be  only  0.01  per  cent,  or  less.  If  the  right  temperature  be 
neglected  the  phosphorus  would,  perhaps,  appear  to  be  0.02  per 
cent.;  but  this  would  still  be  serious  in  such  pure  material.  In  fact 
it  is  to  be  feared  that  many  mistakes  on  the  part  of  consumers  of 
Swedish  steels  are  committed  through  overlooking  the  presence  of 
arsenic. 

It  falls  beyond  the  limits  of  this  paper  to  describe  Professor  Eg- 
gertz's  method  for  separating  and  determining  the  arsenic  in  steel, 
and  I  have  only  to  mention  that  I  have  not  been  troubled  with 
arsenic  in  any  of  the  rail-steels  with  which  I  have  had  to  do. 

The  Burning  Method. — As  to  the  method  of  burning  the  pre- 
cipitate above  referred  to,  I  may  say  that  I  saw  it  practiced  two 
years  ago  at  a  large  works  in  South  Wales,  but  not  until  lately  have 
I  had  time  to  try  it  myself.  At  the  works  in  question  it  was  the 
practice  to  put  the  wet  filter  containing  the  precipitate  in  a  platinum 
crucible,  and  to  place  this  in  the  forepart  of  a  hot  muffle-furnace, 
so  as  to  incinerate  the  filter.  A  certain  correction,  as  I  was  told, 
was  made  for  the  expelled  ammonia,  before  taking  down  the  result. 
However,  I  have  found,  hitherto,  that  by  adding  the  filter  to  the 
precipitate  after  determination  by  the  brushing  method,  in  the 
usual  way,  and  putting  it  all  into  a  weighed  porcelain  crucible,  then 
carefully  charring  the  filter  and  burning  it  over  a  gentle  flame  from 
a  Bunsen  burner,  no  very  different  results  are  obtained;  indeed  in 
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most  cases  I  have  found  tlie  weight,  after  burning,  only  so  much 
higher  than  after  brushing,  as  wouhl  correspond  with  the  weight  of 
the  filter-ash,  and  in  no  case  have  I  found  it  less  than  after' brushing. 
It  ap[)ears  that  1-10°  C.  is  the  highest  temperature  that  can  be 
used  when  only  drying  of  the  precipitate  is  intended,  for  at  higher 
temperatures  the  filter-pa})er  begins  to  change.  But  as  far  as  the 
above-named  experiments  show,  it  is  quite  feasible  to  incinerate  the 
filter  without  practically  altering  the  composition  of  the  precipitate. 
A  continued  series  of  such  experiments  will  give  a  list,  the  av- 
erage of  which  will  show  the  accuracy  obtainable  by  the  burning 
method. 

3Iaf/ncsia  Methods. — In  some  laboratories  it  is  usual  to  redissolve 
the  phospho-molyl)date  obtained,  and  then  to  precipitate  with  mag- 
nesia-mixture. This  is  a  rather  slow  and  wasteful  way  of  procedure, 
and  the  direct  (Riley's)  method  seems  then  preferable. 

In  the  direct  method  one  may  use  at  least  10  grams  of  steel.  The 
hydrochloric  acid  solution  is  reduced  by  means  of  sulphite  of  soda, 
the  excess  of  sulphurous  acid  is  removed  by  boiling,  the  solution  is 
then  neutralized  with  ammonia,  and  bromine  added  so  as  to  oxid- 
ize about  0.3  to  0.4  gram  of  iron.  The  sesquioxide  of  iron  is  pre- 
cipitated by  means  of  acetate  of  soda,  and  the  whole  of  the  phos- 
phorus in  the  steel  is  supposed  to  be  precipitated  along  with  it. 

The  precipitate  is  filtered  off  and  dissolved  in  hydrochloric  acid, 
about  13  grams  of  citric  acid  are  added,  and  the  solution  is  neutral- 
ized with  ammonia  ;  20  to  30  drops  of  magnesia-mixture  are  then 
added,  and  some  ammonia.  The  whole  should  be  left  for  two  days, 
and  be  stirred  up  now  and  then  during  that  time,  before  it  is  finally 
filtered;  the  precipitate  is  washed  with  ammoniacal  water,  ignited 
and  weighed. 

It  is  difficult  to  see  wherein  the  advantage  of  using  this  method 
lies,  as  compared  with  the  direct  weighing  of  the  phospho-molybdate. 
The  ignited  pyro-phosphate  of  magnesia  contains  27.95  per  cent, 
of  phosphorus,  and  an  error  in  weighing  must  have,  therefore,  a 
serious  influence  on  the  result,  unless  a  very  large  quantity  of  the  steel 
is  used.  But  altogether,  the  magnesia  method  requires  much  more 
time,  skill,  and  labor,  than  the  molybdic  method.  To  this  should 
be  added  the  statement  by  Professor  Eggertz,  that  it  is  exceedingly 
difficult  to  obtain  the  reagents  used  in  the  magnesia  method  free 
from  phosphorus,  whereas  in  the  molybdic-acid  method  it  is  only 
the  nitric  acid  which  may  contain  phosphorus.  Too  high  results 
are,  therefore,  frequently  obtained  by  the  magnesia  method. 
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In  conclusion,  I  may  say  that  the  above-described  brushing 
method,  which  I  use  daily,  has  given  very  accurate  results,  as  the 
same  borings  have  been  checked  by  some  of  the  leading  chemists  of 
the  day.  As  to  the  time  required,  if  several  analyses  are  performed 
at  the  same  time,  and  suitable  arrangements  made,  two  or  three  or 
even  more  results  may  be  obtained  in  a  day. 

SILICON    DETERMINATION. 

For  determining  silicon  in  rail-steel  I  use  the  aqua-regia  and  the 
sulphurie-aeid  methods.  The  former  has  been  sufficiently  described 
in  connection  with  the  phosphorus  determination,  and  I  will  here, 
therefore,  only  mention  the  principal  details  of  the  latter. 

For  each  gram  of  steel  I  use  14  c.c.  of  a  mixture  of  sulphuric  acid 
and  water,  in  the  proportion  of  1  of  sulphuric  acid  to  6  of  water.  If 
I  wish  to  estimate  the  silicon  only,  no  oxidizing  of  the  solution  is 
necessar}',  and  I  have  only  to  boil  (with  exclusion  of  the  air  as  far 
as  possible)  until  all  is  dissolved,  and  then  completely  evaporate  the 
water  so  as  to  render  the  silica  insoluble.  The  white  salt  is  then 
taken  up  with  hot  *water  and  a  few  drops  of  strong  hydrochloric 
acid,  and  the  silica  filtered  oif  and  washed  with  hot  water  containing 
5  per  cent,  of  nitric  acid. 

If  manganese  is  to  be  estimated  in  the  filtrate  obtained,  the  solu- 
tion should  be  boiled  with  a  few  cubic  centimeters  of  nitric  acid  for 
about  one-quarter  of  an  hour  before  evaporating  down.  After  dis- 
solving the  salt  in  water  and  hydrochloric  acid,  boiling  should  be 
continued  for  another  quarter  of  an  hour  before  filtering  off  the 
silica,  so  as  to  insure  the  manganese  being  converted  to  manganous 
oxide.  The  silica  must  in  this  case  be  washed,  first  with  ordinary 
cold  water,  and  then  with  the  nitric-acid  water,  which  should  flow 
into  a  separate  beaker,  and  not  into  the  first  filtrate,  where  it  might 
produce  a  higher  state  of  oxidation  of  the  manganese. 

I  find  that  the  aqua-regia  and  the  sulphuric-acid  methods  yield 
results  which  are  quite  uniform  and  concordant.  The  sulphuric 
acid  method  can  be  quite  as  rapidly  used  as  the  aqua-regia  method 
by  means  of  the  hot  plate.  Two  years  ago  I  worked  this  method 
in  a  steel  laboratory  in  Wales,  and  the  chemists  at  the  place  took 
such  a  liking  to  it  on  account  of  the  absence  of  the  disagreeable 
fumes,  which  are  evolved  in  the  aqua-regia  method,  that  they  started 
working  it  for  the  daily  determination  of  silicon  in  their  pigs.  At 
the  present  time  they  use  the  sulphuric-acid  method  exclusively, 
and  are  by  practice  enabled  to  work  it  quite  as  rapidly  as  the  aqua- 
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regia  method.  Besides  being  a  neater  method,  the  sulphuric-acid 
process  effects  no  inconsiderable  economy  in  daily  practice,  where 
otherwise  large  quantities  of  aqua  regia  must  be  consumed. 

When  using  acid  water,  as  in  the  sulphuric-acid  method,  or  strong 
hydrochloric  acid,  as  in  the  aqua-regia  method,  for  washing  the 
silica,  I  make  no  deduction  for  filter-ash.  The  best  Swedish  filter- 
paper  does  not  leave  any  practically  estimable  quantity  of  ash  when 
treated  in  that  way.  Otherwise  a  deduction  is  made  accordino;  to 
Eggertz's  formula : 

Ash,  grams  =  0.0.001  D^, 

D  being  the  diameter  of  the  filter  in  inches. 

MANGANESE    DETERMINATION. 

For  determining  manganese  in  rail-steel  I  use  the  acetate  of  am- 
monia and  bromine  process,  with  final  addition  of  ammonia,  as  usual 
in  English  and  Welsh  steel  laboratories.  In  Germany,  the  method 
with  acetate  of  soda  and  bromine  or  chlorine,  and  no  final  addi- 
tion of  a  strong  base,  is  used,  and  in  Sweden  the  acetate  of  soda  and 
bromine  method  in  accordance  with  Professor  Eggertz's  directions. 
In  describing  my  mode  of  operating,  I  will  also  try  to  point  out  the 
great  differences  between  the  method  with  ammoniacal  salts  and  bro- 
mine and  ammonia  combined,  and  the  methods  with  fixed  alkaline 
salts  ;  and  to  show  what  are  the  precautions  to  be  taken  in  each  case 
to  attain  accuracy. 

Bromine  and  Ammonia  Process. — 3  grams  of  steel  are  dissolved 
in  a  flask  of  1  liter  capacity  by  aid  of  aqua-regia;  the  solution  is 
boiled  down  and  finally  dried.  The  mass  is  then  dissolved  in  hydro- 
chloric acid*  by  boiling;  water  is  added  to  about  750  c.c.  volume, 
and  the  solution  neutralized  with  ammonia  or  carbonate  of  ammonia. 
If  too  much  ammonia  is  added,  care  must  be  taken  immediately  to 
add  some  hydrochloric  acid  and  to  boil  for  a  short  time,  so  as  to  pre- 
vent manganese  being  precipitated.  When  neutralization  is  com- 
pleted, add  20  to  30  c.c.  of  strongly  concentrated,  thick  acetate  of 
ammonia,  and  boil  until  you  see  the  precipitate  settle  clear  after 
lifting  the  flask  off  from  the  lamp.  If  the  supernatant  li(iuid  will 
not  become  clear,  add  cautiously  a  few  drops  of  strong  ammo- 
nia (0.88),  shake  the  flask  and  boil  for  a  moment  again.  In  this 
way  you  are  certain  to  obtain  a  clear  supernatant  liquid,  but  you 
must  be  very  careful  not  to  add  too  much  ammonia,  as  the  manga- 


*  The  silica  may  in  this  case  he  (ilterod  off  and  estimated.  If  this  is  not  re- 
ijuirod,  the  steel  is  simply  dissolved  in  dilute  hydrochloric  acid,  and  tho  solution 
oxidized  by  means  of  nitric  aciil,  and  boiled  befon;  neulralizinir. 
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nese  may  then  be  partly  precipitated  as  liydrated  oxide.  After  set- 
tling, the  clear  liquid  is  passed  through  a  filter  of  10  inches  diameter 
into  a  large  fla'^k,  and  finally  the  precipitate  of  basic  acetate  of  oxide 
of  iron  is  poured  on  to  the  filter  and  the  remainder  of  the  fluid 
allowed  to  filter  well  off.  When  no  more  drops  seem  to  come  from 
the  funnel,  the  basic  acetate  is  washed  down  into  the  first  flask  by 
means  of  boiling  water,  and  hydrochloric  acid  is  added.  The  flask 
is  well  shaken  and  heated  to  boiling  in  order  to  insure  the  remainder 
of  the  manganese  being  present  only  as  manganous  oxide.  Neutral- 
ization and  precipitation  are -then  repeated  as  before,  and  the  filtrate 
added  to  the  first  one  obtained.  For  rail-steel  I  find  two  precipita- 
tions like  these  quite  sufficient,  the  manganese  in  such  steels  rarely 
exceeding  1  per  cent.  But  for  spiegeleisen,  ferro-manganese,  etc.,  it 
is  certainly  desirable  to  redissolve  twice,  as  the  more  manganese 
there  is  in  the  substance,  the  more  of  it  will  be  retained  in  the  iron 
precipitate.  Anyhow,  it  should  be  borne  in  mind  that  a  good  boil- 
ing is  necessary  after  every  re-solution,  in  order  to  convert  the  man- 
ganese to  manganous  oxide. 

The  collected  filtrates,  contained  in  the  large  flask,  are  then  allowed 
to  cool  (this  takes  only  a  short  time,  the  first  filtrate  cooling  the  sec- 
ond and  so  on),  about  4  c.c.  of  bromine  are  added  and  the  flask  well 
shaken,  so  that  the  fluid  may  be  well  saturated  with  bromine.  It  is 
safest  always  to  add  so  much  bromine  as  to  have  quite  a  reddish 
color  in  the  sidution.  Ammonia  (0.88)  is  then  added  in  excess  and 
the  flask  well  shaken.  At  first  the  solution  generally  becomes  quite 
colorless,  but  after  continued  shaking  the  brown  color  begins  to  be 
more  and  more  evident,  and  soon  the  oxide  of  manganese  separates 
in  lumps.  It  is  then  boiled  for  a  few  minutes,  the  precipitate  al- 
lowed to  settle  and  then  filtered  off,  washed  with  hot  water,  dried, 
ignited,  and  weighed.* 

It  is  necessary  to  have  the  solution  quite  cold,  and  a  large  excess 
of  bromine  present,  when  precipitating  the  manganese  in  this  way. 
If  the  solution  be  hot,  a  violent  evolution  of  nitrogen  gar,  will  take 
place,  and  the  manganese  remains  in  the  solution.  Insufficient  bro- 
mine also  causes  only  a  partial  precipitation.  One  may  write  the 
reactions  in  this  process  as  follows : 

I.  Insufficient  bromine : 

2[MnO,(C2H30)2l  +  5Br  +  8NH3+  (x  +  2)H,0  =  (Mn024-  xH^O)  + 
M.i02(C2H30)2  +  5NH,Br-f  2[NH,d(C,H30)]  +  N. 

*  The  precipitate  is  always  to  be  te^t-d  for  iron,  unless  the  iron  has  been  pre- 
viously removed,  which  is  generally  the  case. 
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II.  Sufficient  bromine: 

ls\nO^{C:j^.f)\  +  5Br  -j.  8NH3  +  (x  +  2)lifi  =  (MnO.,  +  xHjO)  + 
5NH,lir  +  2[NH,0(C2H30)]  -f-  N. 

The  advantages  of  the  method  just  described  consist  chiefly  in  the 
rapidity  with  which  the  precipitation,  filtering,  and  washing  of  the 
manganese  precipitate  take  place.  The  washing  is  very  quickly 
finished  by  aid  of  hot  water,  no  fixed  alkaline  salts  being  present. 
The  ammoniacal  salts  do  not  prevent  the  precipitation  of  manganese 
by  bromine  and  ammonia  combined,  and  this  was  never  disputed  by 
any  of  the  chemical  authorities  on  the  Continent,  although  it  is  so 
stated  in  a  paper  on  the  estimation  of  manganese  in  the  Journal  of 
the  Iron  and  Steel  Institute  for  1877.  Fresenius,  Eggertz,  and  others 
assert  that  the  manganese  cannot  be  precipitated  in  the  solution, 
after  separating  the  iron,  by  bromine  alone,  if  ammoniacal  salts  are 
present,  and  this  is  easily  ascertained  by  experiment.  The  following 
description  of  Professor  Eggertz's  method  will,  I  trust,  show  the 
differences  in  the  two  methods  clearly  enough. 

Eggertz's  llethod. — Professor  Eggertz,  and,  following  in  his  foot- 
steps, the  chemists  of  Swedish  steel  works,  use  3  grams  of  the  steel 
for  testing.  The  solution,  the  evaporation,  and  the  processes  be- 
longing to  the  precipitation  of  the  iron,  offer  nothing  new  to  be 
mentioned  here;  it  is  only  to  be  said  that  the  bulk,  in  which  neutral- 
ization is  effected,  is  prescribed  to  be  not  less  than  500  c.c.  Carbonate 
of  soda  is  used  for  neutralizing,  and  a  little  hydrochloric  acid  is  alwavs 
added  at  the  end  of  the  process.  60  c.c.  of  a  strongly  concentrated 
solution  of  acetate  of  soda  are  then  added  and  boiling  is  continued 
for  five  minutes.     Filtering  and  redissolving  are  effected  as  usual. 

The  solution  containing  the  manganese  is  evaporated  down  to 
400  to  500  c.c,  and  heated  to  50°  C,  a  few  drops  of  bromine  are 
added  and  the  solution  is  stirred.'  The  manganese  then  pi-e('ij)itates 
as  hydrated  dioxide.  It  is  allowed  to  settle  on  a  water- bath,  filtered 
off,  washed  with  cold  v.'ater  containing  1  per  cent,  of  hydrochloric 
acid,  ignited  and  weighed  as  tetra-oxide.  Or  it  may  be  collected 
on  a  weighed  filter,  dried  at  100°  C,  and  weighed  as  hydrated  di- 
oxide (oMnO^  +  H^O),  containing  5n.l4  per  cent,  of  manganese. 

If  ammoniacal  salts  are  present,  the  precipitation  of  the  manga- 
nese will  be  partly  or  wholly  prevented.  It  is  necessary  to  employ 
a  large  excess  of  acetate  of  soda,  otherwise  the  manganese  will  be 
precipitated  incompletely.  This  is  best  understood  by  the  follow- 
ing equations : 
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I.  Insufficient  acetate  of  soda : 

2[Mn02(C2H30)2]  +  2Br  -f  (x -f  2)^.p  =  (MnOj  +  xH^O)  + 
MnBr2  +  4[HO(C2H30)]. 

II.  Sufficient  acetate  of  soda : 

MnO^lC^HjOj^-f  2Br  -f  2[NaO(C2H30)]  +  (x  +  2)H20  =  (MnO,-f 
xH20)  +  2NaBr4-4[HO(C2H30)]. 

By  comparing  these  equations  with  those  of  the  bromine  and  am- 
monia process,  I  think  a  pretty  clear  view  may  be  had  of  the  diiFer- 
ent  conditions  of  the  two  methods,  without  further  comment. 

After  what  has  just  been  shown,  there  is  no  disguising  the  fact 
that  the  bromine  and  ammonia  process  is  more  rapid  and  convenient 
tlian  the  process  with  fixed  alkaline  salts:  but  it  should  be  here 
pointed  out  that  a  great  mistake  is  often  committed  in  saying  that 
it  is  impossible  to  free  the  precipitate  from  alkali  by  washing.  Pro- 
fessor Eggertz  has  stated  that  by  means  of  cold  water  containing  one 
per  cent,  of  hydrochloric  acid  the  precipitate  may  be  easily  freed 
from  alkali.  In  Germany,  where  the  fixed  alkali  method  is  used, 
this  mode  of  washing  is  not  so  frequently  known  as  might  be  sup- 
posed, and  at  one  works  1  was  told  that  experience  went  to  show 
that  by  using  chlorine  instead  of  bromine  the  washing  of  the  pre- 
cipitate with  ordinary  hot  water  could  be  moi'e  easily  effected. 

When  chlorine  is  used  for  precipitating  the  manganese,  no  ammo- 
niacal  salts  must  be  present,  otherwise  the  explosive  compound  CI3X 
may  be  formed.  On  the  other  hand,  in  the  case  of  bromine  and 
ammonia,  no  explosion  need  be  feared. 

The  diiferent  methods,  of  which  the  outlines  have  now  been  given, 
yield  quite  concordant  results  when  carried  out  by  experienced  hands, 
and  for  rail-steel  there  is  certainly  no  preference  to  be  given  to  any 
of  them  so  far  as  accuracy  goes.  According  to  my  own  working, 
the  results  should  not  vary  more  than  0.05  per  cent.,  and  the  time 
required  for  an  estimation  one  day  ;  of  course  several  assays  can  be 
made  at  the  same  time.  As  to  rapidity,  the  bromine  and  ammonia 
process  will  no  doubt  prove  the  best,  for  reasons  stated  above. 

There  are  many  volumetric  methods  for  determining  manganese, 
but  as  far  as  I  have  seen,  none  is  more  rapid  than  the  gravimetric 
method  with  bromine  and  ammonia.  A  new  volumetric  method 
has  been  recently  devised  in  the  Stockholm  School  of  Mines,  and 
will  shortly  be  published. 


I 
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SULPHUR   DETERMINATION. 

1  fUsgoTve  B 'gfams  of  steel  in  aqua  regia  and  separate  the  silica 
in  the  usual  '■¥r4y.  In  the  boiling  solution  the  sulphur  is  precipi- 
'tated  by  nie?s.Tis  of  2  c.c.  of  a  concentrated  solution  of  chloride  of 
Ijarium.  iBoiling  is  continued  for  a  short  time,  and  the  solution  is 
ithen  left  to  stand  during  one  night. 

The  sulphate  of  baryta,  before  being  taken  upon  the  filter,  is  de- 
'cant>ed  repeatedly  with  hot  water.  Some  drops  of  hydrochloric  acid 
Wtst  be  added  to  prevent  oxide  of  iron  from  being  precipitated.  By 
Washing  carefully  in  this  way  accurate  results  are  secured,  always 
provided  that  the' reagents  are  pure.  The  purity  of  the  reagents  is, 
indeed,  the  difficulty  in  this  method,  as  it  is  almost  exceptional  to 
find  the  acids  bought  as  "special"  free  from  sulphur.  The  sulphnir 
must  be  estimated  in  the  reagents  and  the  necessary  deductions  made.. 

There  are  chemists,  however,  particularly  in  Germany,  who  assert 
that  even  with  pure  reagents  you  will  get  too  high  results  by  the 
aqua-regia  method.  They  therefore  use  the  bromine  method,  lead-  . 
ing  the  gases  from  the  steel  dissolving  in  dilute  hydrochloric  acid  . 
through  a  solution  of  bromine  in  hydrochloric  acid.  The  sulphu;^ 
retted  hydrogen  is  thus  oxidized  and  can  be  precipitated  in  the  usu.9<\ 
way,  by  means  of  chloride  of  barium. 

As  far,  however,  as  I  have  been  able  to  see,  the  bromine  method 
gives  too  low  results.     I  have  had  to  determine  the  sulphur  in  steel 
with  the  aqua-regia    method  against  chemists  using   the    bromine 
method,  and   on   some  occasions  I  have  found  0.08  per  cent,   while 
the  others  have  found  only  half  of  this,  0.04  per  cent.     By  means 
of  Eggertz's  silver-plate,  however,  I  easily  ascertained   that  0.Q4' 
per  cent,  was  much  too  low.     The  experiment  was   carried   out  by- 
hanging  a  clean,  small  silver-plate  over  the  gases  evolved  from  0.1 
gram  of  steel,  dissolving  in  1.3  c.c.  of  sulphuric  acid  of  1.23  sp.  gr. 
The  plate  then  got  a  decidedly  more  bluish  than   brownish  ctdor, 
whereas  if  the  percentage  of  sulphur  had   been  only  0.04   percent. 
the  color  would  have  been  simply  brown  and  not  blue  at  all.     This 
plate  method  was  vvorked   out  by  Professor  Eggertz,  and    has  been 
for  many  years  in   use  at  all  blast  furnaces  in  Sweden  for  the  daily 
testing  of  every  cast  of  pig  iron.     The  plate  method  will  yield  ver'v 
good  results  for  percentages  of  sulphur  between  0  and  0.04  per  cent' 
and  this  is  quite  sufficient  for  Swedish  irons.     But  for  sulphur  over 
0.04  per  cent.,  the  method  is  less  accurate,  except  in  extremely  well- 
trained   hands,  and  one  can    only   make  a   rough   estimation    as  a 
vol..  X.— 12 
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rule.     The  relations  of  the  colors  of  the  plate  to  the  percentage  of 

sulphur  is  shown  by  the  following  table  : 

No  color,  ........  0.00  per  cent. 

Slij^htly  yellowish, 0  01         " 

Yellow, 0.0-2        •' 

Yellow-brown, 0.03         " 

Brown 0.04         " 

Blue, 0.20         " 

Between  brown  and  blue  there  are  numerous  variations  in  color. 

A  certain  red  tint  signifies  0.10  per  cent.,  but  this  can  only  be  learnt 

bv  practice. 

APPENDIX. 

THE    COLOR-TEST    FOR   CARBON    IN    IRON    AND    STEEL. 

BY    V.    EGGERTZ. 
(Translated  from  the  Swedish  by  M.  Troilius.) 

The  first  description  of  this  method  appeared  in  the  JernJcon- 
torets  Annaler,  for  1862,  page  54,  and  in  the  Berg  und  Hl'itten- 
mdnnische  Zeitung,  1863,  page  373.  Subsequently,  several  additions 
were  made  to  this  description  in  the  Jernkontorets  Annaler,  1874,  page 
176,  and  in  the  Bei-g  und  Hi'dfenmdnnische  Zeitung,  1875,  page  440. 
At  that  time  I  considered  that  it  would  be  practically  sufficient  to 
determine  the  carbon  in  tenths  of  a  per  cent.,  but  I  now  find  that 
even  hundredths  of  a  per  cent,  are  required. 

For  commercial  purposes,  however,  iron  and  steel  is  generally 
stamped  with  only  whole  or  half  tenths  of  a  per  cent,  of  carbon,  it 
being  chiefly  for  the  softer  irons  and  steels  with  carbon  between  0.10 
and  0.25  ])er  cent.,  that  the  greater  accuracy  in  determining  the  car- 
bon is  required. 

Pure  hvdrate  of  oxide  of  iron,  containing  0.1  gram  of  iron,  and 
free  from  chlorine,  will  give  a  \  el  low-greenish  solution  when  dis- 
solved in  2.0  c.c.  of  nitric  acid,  specific  gravity  1.2.  The  solution 
will  lighten  somewhat  on  addition  of  1.5  c.c.  of  nitric  ac-id,  but  not 
so  mucl\as  when  water  is  added  instead  of  nitric  acid.  When  hot, 
the  solution  has  a  much  darker  color  than  when  cold.  By  adding 
4  c.c.  of  water  in  either  of  these  cases  so  as  to  make  the  bulk  up  to 
8  c.c,  the  iron  color  will  be  totally  got  rid  of.  Hence  the  rule  for 
color-tests  for  carbon,  that  the  solution  of  iron  must  be  diluted  with 
a  volume  of  water  at  least  equal  to  the  volume  of  nitric  acid  used 
for  di.ssolving  the  iron,  and  that  the  volume  of  the  .solution  must 
not  be  smaller  than  8  c.c.,*  when  the  color  is  to  be  observed. 

*  For  each  0.1  griiin  of  iron. — M.  T. 
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The  nitric  acid  as  well  as  the  water  must  he  entirely  free  from 
chlorine  or  hydrochloric  acid,  which  would  give  a  yellowish  color* 
to  the  solution,  even  if  present  in  only  very  small  quantities. 
The  quantity  of  nitric  acid  should  correspond  to  a  certain  extent  to 
the  amount  of  carbon  supposed  to  be  present  in  the  iron.  For  iron 
containing  carbon  0.25  per  cent.,  2.5  c.c.  are  thus  used  for  each  0.1 
gram,  for  0.3  per  cent.  3  c.c,  for  0.5  per  cent.  3.5  cc,  and,  finally, 
for  0.8  per  cent.  4  c.c.  For  steels  with  more  carbon  5  c.c.  should  be 
used.  The  last-named  quantity  is  also  to  be  used  for  white  pig 
irons,  of  which,  however,  0.05  gram  only  is  carefully  weighed  out 
for  each  test. 

When  the  amount  of  carbon  is  quite  unknown  2.5  c.c.  of  nitric 
acid  are  added  to  start  with,  and  then  more  until  it  is  indicated  by 
either  the  color  or  by  the  quantity  of  separated  carbon-substance 
that  no  more  acid  is  wanted.  A  little  more  acid  than  the  quantity 
just  mentioned  does  no  harm,  if  only  an  equal  volume  of  water  is 
afterwards  added.  Thus  for  white  pig  iron  7  c.c.  may  well  be  taken 
so  as  to  prevent  a  too  quick  precipitation  of  organic  matters  after 
diluting.-  With  too  little  acid  a  too  dark  solution  will  be  obtained. 
Thus,  if  0.1  gram  of  steel  containing  0.8  per  cent,  of  carbon  is  dis- 
solved in  2.5  c.c.  of  nitric  acid  only,  instead  of  4  c.c,  the  color  of  the 
solution  will,  after  dilution,  represent  a  percentage  of  carbon  equal 
to  about  0.9  per  cent. 

The  iron  for  testing  is  to  be  finely  divided  either  by  filing, |  by 
aid  of  a  good  clean  file,  or  by  means  of  a  boring  machine  (which  is 
preferable),  or  by  rubbing  with  hard  steel  edges,  or  by  crushing 
in  a  steel  mortar,  if  it  is  very  hard. 

The  test-tubes  for  dissolving  the  steel  should  have  an  internal 
diameter  of  15  mm.,  and  a  length  of  120  mm.  The  tubes  are  to  be 
cleaned  out  by  means  of  coarse  filter-paper  rolled  together  and  well 
cut  at  the  edges.  0.1  gram  of  the  iron  or  steel  for  testing,  or  in  the 
case  of  white  pig,  0.05  gram,  carefully  weighed,  is  then  jMit  into  the 
tube,  and  2.5  c.c.  or  more  of  nitric  acid  of  specific  gravity,  1.2  added. 
The  acid  may  be  readily  measured  off  in  a  little  measuring  glass  of 
10  mm.  diameter,  and  75  mm.  length,  and  graduated  so  as  to  show 
whole  or  half  cubic  centimeters.     The  tubes  are  covered  with  small 

*  Only  0.0001  gnuii  of  chloriiH'  prdducos  n  distinct  yellow  color  in  n  .■solution 
of  0.1  crrnm  of  iron  (from  hydratcd  o.xido  of  iron)  in  2  5  c  c.  of  nitric  acid.  This 
color  can  bo  noticed  oven  on  addition  of  l.T)  c.o.  of  nitric  acid  and  4  o.c.  of  water. 
Upon  fiirtlior  dilutirnj;  the  coloration  becomes  ie.«s  di.^tiiigtiisiiable. 

t  Worn  ofl' particles  from  the  (ilo  may,  however,  greatly  increase  the  percent- 
age of  carbon  in  the  iron. 
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watch-glasses  (23  mm.),  and  put  into  a  cylindrical  vessel  of  copper- 
plate, having  a  height  of  100  mm.,  and  a  diameter  at  least  of  120 
mm.  This  vessel  is  covered  with  a  copper-plate  provided  with  a 
thermometer  and  holes  for  the  tubes.  The  holes  are  marked  with 
engraved  figures.  The  vessel  is  to  contain  water  and  a  few  grams 
of  paraffin  to  prevent  the  evaporation  of  the  former,  and  is  heated 
to  80°  C.  by  means  of  a  gas  flame.  This  temperature  should  be 
kept  up  all  the  time.  The  tubes  are  shaken  now  and  then,  and  the 
solution  is  completed  when  no  further  gas-bubbles  appear.  One  and 
a  half  to  two  hours,  or  sometimes  longer  time,  is  required  to  eifect 
complete  solution,  the  time  depending  upon  the  amount  of  carbon 
in  the  iron. 

Up  to  the  present  time  this  has  been  the  ordinary  way  of  proceeding, 
but  it  is  shown  by  experience  that  the  keeping  up  of  the  tempera- 
ture of  80°  C.  requires  more  care  than  has  been  generally  taken.  Of 
course,  this  has  been  of  less  influence  as  long  as  fresh  weighings  of 
the  standard  steel  have  been  dissolved  along  with  every  set  of  sam- 
ples for  testing.  But  if  it  is  desired  to  avoid  the  frequent  dissolving 
of  standard  steel  and  to  use  permanent  standard  solutions  (see  further 
down)  then  the  iron  must  always  be  dissolved  at  the  same  tempera- 
ture. For  this  purpose  it  is  the  safest  way  to  put  the  tubes  into 
boiling  water.  By  this  means  the  time  for  dissolving  may  be  short- 
ened to  about  three-quarters  of  an  hour,  and  the  color  of  the  fluid 
will  then  turn  out  a  little  darker  than  by  dissolving  at  80°  C.  If, 
occasionally,  greater  rapidity  is  required  the  solution  may  be  effected 
i)y  boiling  over  a  lamp-flame;  between  the  flame  and  the  tubes 
there  should  be  put  a  brass-gauze  with  the  tubes  resting  on  it.  The 
color  will  in  this  case  generally  be  somewhat  darker  than  when  dis- 
solved at  100°  C.  The  reason  for  heating  to  80°  C.  instead  of  100°  C. 
has  been,  that  in  the  latter  case  there  is  sometimes  a  reddish -yellow- 
ish deposit  formed  on  the  glass;  when  brought  down  into  the  fluid 
this  matter  makes  the  solution  turbid.  The  deposit  must  be  dis- 
solved by  shaking  if  possible,  otherwise  it  must  be  filtered  off.  It 
consists  of  nitric  acid  and  oxide  of  iron.  This  is  borne  out  by  the 
fact  that  it  also  arises  by  heating  a  solution  of  pure  hydrate  of  oxide 
of  iron  in  nitric  acid. 

All  gas  bubbling  having  ceased,  the  tubes  are  taken  out  of  the  hot 
water  and  put  into  a  beaker  containing  cold  water.  They  should 
be  covered  in  some  way  so  as  to  be  totally  excluded  from  the  day- 
light, which  would  soon  give  too  light  a  color  to  the  solutions.  If 
protected  in  this  way  the  solutions  will  retain  their  color  for  many 
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days.  The  burette  for  (leterniinino;  the  carbon  should  have  30  c.c. 
capacity,  and  be  graduated  into  tenths  of  cubic  centimeters,  and  be 
provided  with  one  large  and  one  small  mouthpiece  at  the  upper  end. 
The  solution  is  brought  into  this  burette,  through  a  filter,  if  neces- 
sary, as  for  instance  if  the  fluid  is  turbid,  or  graphite  is  present. 
Then 'distilled  water  is  to  be  added  ;  the  quantity  of  water,  including 
the  water  used  for  cleansing  the  test-tube,  aiust  be  at  least  equal  to 
the  quantity  of  nitric  acid  used,  and  the  total  volume  must  not  be 
less  than  8  c.c.  when  it  is  to  be  compared  with  the  standard  solution. 
The  standard  solution  is  prepared  by  dissolving  standard  steel.  It 
should  be  diluted  with  water  so  as  to  make  each  cubic  centimeter  of 
the  same  correspond  to  0.1  per  cent,  of  carbon.  It  may  also  be  care- 
fully diluted  with  more  water  so  as  to  have  each  cubic  centimeter 
=  0.05,  0,02,  0.01,  or  0.005  per  cent,  of  carbon,  of  0.1  gram  of  iron 
or  steel  used.  For  example,  dissolve  0.1  gram  of  standard  steel, 
containing  0.8  per  cent,  of  carbon,  in  4  c.c.  of  nitric  acid,  and  add  water 
to  8  c.c.  The  solution  is  to  be  carefully  mixed  after  each  addition  of 
water;  otherwise  the  lower  part  of  the  fluid  will  appear  too  dark. 
After  mixing,  at  least  one  minute  should  be  allowed  for  the  fluid  to 
run  down  the  sides  of  the  burette  before  reading  off',  which  is  done 
at  the  upper  border  of  the  fluid. 

The  above-mentioned  standard  solutions,  representing  the  total, 
half,  fifth,  tenth,  and  twentieth  of  the  standard,  may  be  marked  and 
used  as  follows : 

Percentage  of  carbon  To  be  used  for  iron  with 

per  c.c.  for  0.1  gram  of  iron.  a  percentage  of  carbon  = 

N       .         .         .         .     0  10 0.8  and  more 

^N       .         .         .         .     0.05 0.4    —0.80 

IN       .         .         .         .     0.02 Olfi  — 0.50 

j\'N       .         .         .         .     O.Ol 0.08-0.25 

^VN       .         .         .         .     0.005 0.04  —  0.08 

The  smallest  percentage  of  carbon*  found  in  iron  in  this  country 
is  0.04  per  cent.  A  good  daylight  is  required  when  using  the  last- 
named  standard  solution,  and  this  remark  applies  to  all  colorimet- 
ric  tests. 

The  dilution  cannot  be  carried  farther  than  twenty  times  the 
original  solution  in  the  case  of  using  the  ordinary  burettes  of  about 
12  mm.  diameter.  But  one  can  sharply  distinguish  the  difference  in 
color  between  ordinary  distilled  water  and  a  standard  solution  diluted 
to  forty  times  its  original  volume,  and,  therefore,  if  one  uses  burettes 

*  By  moans  of  the  iodino  method  0.038  per  cent,  of  nirbon  was  orico  found  in 
8  grams  of  a  Swedish  Lancashire  iron. 
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of  24  mtn.  diameter,  it  will  be  possible  to  approximately  determine 
the  carbon  in  iron  containing  only  0.02  per  cent.,  supposing  such 
soft  iron  to  be  produceil.  In  this  case  measure  off  1  c.c.  of  the  "  N" 
solution  in  a  delicate  measuring  tube  and  dilute  to  40  c.c.  Thus  1 
c.c.  will  be  equal  to  0.0025  per  cent,  of  carbon.  Pour  this  standard 
solution  into  the  24  mm.  tube.  This  tube  should  exactly  cor- 
respond with  another  graduated  24  mm.  tube,  in  which  0.4  gram 
of  the  iron  for  testing  is  to  be  dissolved  in  10  c.c.  of  nitric  acid,  the 
solution  diluted  to  32  c.c,  and  then  more  until  the  colors  agree.  For 
instance,  if  the  colors  agree  at  35  c.c.  bulk,  you  find  the  percentage 
of  carbon  thus : 

0.0025  X  35  ^  4  =  0.022  per  cent. 

Hitherto  it  has  been  the  usual  practice  to  compare  colors  by  holding 
a  piece  of  thin  filter-paper  behind  the  tubes.  In  this  way,  however, 
one  is  much  dependent  on  the  distribution  of  light  in  the  room, 
which,  therefore,  ought  to  have  for  this  purpose  only  one  window. 
For  most  people's  eyes  the  left-hand  tube  will  ajjpear  somewhat 
darker  than  does  the  right-hand  tube.  For  this  reason  it  was  ori- 
ginally prescribed  that  the  tube  containing  the  solution  of  iron  or 
steel  for  testing  should  be  kept  to  the  right  so  as  always  to  have  it 
in  the  same  position.  In  order  to  avoid  being  dependent  on  the 
room  I  work  in,  and  to  lessen  the  difference  in  color  between  the  left 
and  right-hand  tube  I  now  most  advantageously  use  a  contrivance 
in  shape  of  a  little  camera,  into  which  the  tubes  are  put.  The 
camera  is  niade  of  wood  6  mm.  thick,  and  is  open  at  both  ends.  The 
inner  sides  are  blackened.  The  internal  height  is  80  mm.,  width  of 
forepart  26  mm.,  and  width  behind  120  mm.  The  tubes  are  put  in 
the  forepart  through  apertures  in  the  upper  part  of  the  camera,  and 
steadied  at  the  bottom  by  a  gutter  of  copper  plate,  and  at  the  upper 
part  by  a  brass-wire.  The  box  is  closed  at  the  wider  end  by  means 
of  thin  filter-paper*  nailed  to  it.  Burettes  and  tubes  should  be 
closely  of  the  same  quality  as  to  color,  etc.,  and  be  wiped  with  clean 
linen  before  being  put  into  the  camera. 

We  have  of  late  been  using  as  standard  steels  two  Bessemer 
steels,  one  of  which  contains  .80  per  cent,  and  the  other  one  .16  per 
cent  of  carbon.  These  steels  are  kept  in  pieces  12  mm.  square. 
Samples  from  these  pieces  are  always  taken  at  right  angles  to  the 
longitudinal  axis      The  carbon  in  these  steels  was  determined  by  me 

*  This  can  also  be  effected  by  applying  a  screen  holding  a  glass  adapted  to  the 
ej'B  as  to  convexity  or  concavity,  and  having  about  40  mm.  diameter. 
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by  aid  of  the  iodine-method,  as  desci'ibed  in  the  Jernkontorefs  An- 
naler,  1862,  page  47.  5  grains  were  taken  for  each  test.  Three 
analyses  of  the  harder  steel  showed  .79,  .80  and  .82  per  cent,  of 
carbon,  and  two  analyses  of  the  steel  containing  .16  per  cent  agreed 
very  closelv.  These  carbon  determinations  also  agreed  very  well 
with  those  of  Dr.  A.  Tamm,  whose  results  by  combustion  are  de- 
scribed in  the  Jernkonforets  Annaler,  1874.  The  iodine  method  is 
now  modified,  so  that  instead  of  using  iodine  directly  for  dissolving 
the  iron  or  steel,  a  solution  of  iodine  in  iodide  of  iron  is  used. 
This  arises  from  the  difiiculty  of  obtaining  pure  iodine.  The  solu- 
tion now  used  is  prepared  by  dissolving  10  grams  of-  iron  in  50 
grams  of  iodine,  and  adding  another  50  grams  of  iodine,  which  is 
readily  dissolved.  The  solution  is  filtered  and  water  passed  through 
the  filter  until  a  bulk  of  100  c.c.  is  reached.  10  c.c.  of  this  solution 
are  required  for  1  gram  of  iron.  With  regard  to  the  diminution  in 
weight  of  filter-pai)er  on  being  treated  with  acid,  we  have  generally 
used  platinum  filters  for  collecting  the  carbonaceous  matter.  How- 
ever it  is  somewhat  difficult  to  obtain  good  platinum  filters,  and 
therefore  it  seems  preferable  to  use  filter-paper  which  has  been 
treated  with  hydrochloric  and  hydrofluoric  acids,*  whereby  the  in- 
organic ingredients  are  almost  completely  extracted.  A  filter  of  60 
mm.  diameter  thus  treated  does  not  give  more  than  0.0001  gram 
ash.  The  carbonaceous  mass  should  be  dried  on  a  water-bath  at  a 
temperature  of  95°-98°  C.  For  this  purpose  the  mass  is  put  into 
a  crucible,  and  the  crucible  then  put  into  a  glass  tube,  closed  at  one 
end  and  having  a  length  of  130  mm.  and  diameter  of  35  mm.  The 
upper  end  of  the  tube  is  closed  by  means  of  a  cork,  through  which 
hangs  a  thermometer.  The  crucible  may  be  inserted  or  removed  by 
means  of  a  bent  brass  wire. 

Even  for  white  pig  iron  better  results  than  might  be  expectedf 
are  now  obtained  by  the  color  test.  The  difficulty  in  this  case  lies 
in  the  use  of  only  0.05  gram,  and  still  diluting  to  a  very  large 
volume,  which  renders  a  slight  error  in  observation  very  important. 
The  solutions  of  white  pig  iron  should  be  rapidly  read  off,  because 
they  soon  become  turbid  with  a  precipitate  of  organic  matter.  This 
inconvenience  may  be,  to  a  great  extent,  removed  by  using  7  c.c. 
instead  of  5  c.c.  of  nitric  acid. 

The  mode  in  which  the  carbon  is  present  in   the  steel  as  "cement 

*  Fresenius's  Zeitschrift,  1879,  p.  582. 

f  Jcrnkontorets  Annalor,  1874,  iind  Derg  und  Hiittenmannischo  Zoitiing,  1875, 
p.  440. 
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carbon,"  or  "  hardening  carbon,"  does  not  influence  the  color  test 
otherwise  than  to  render  the  solution  less  dark  in  the  latter  case, 
when  the  carbon  is  more  intimately  combined  with  the  iron.  Thus 
a  steel  containing  0.8  percent,  of  carbon  showed  only  0.55  per  cent, 
after  strong  hardening  and  crushing.  After  reheating  the  steel  to  a 
low  red  heat,  the  original  percentage  of  carbon  was  again  obtained. 
By  aid  of  the  iodine  method  0.8  per  cent,  of  carbon  was  found  in 
5  grams  of  the  hardened  steel.  A  piece  of  iron  containing  0.3  per 
cent,  of  carbon,  upon  being  hammered  down  cold  from  12  mm.  to  6 
mm.  square,  showed  the  same  carbon  before  and  after  hammering. 

Different  kinds  of  iron  and  steel  behave  very  differently  during 
dissolving,  some  solutions  becoming  colored  at  once,  others  only 
after  heating.  The  final  color,  however,  after  diluting  with  water 
generally  tallies  very  well  with  the  color  of  the  standard.  In  case 
there  should  be  any  difference  in  tint, — yellow  or  brown, — it  is  best 
to  notice  the  intensity  of  colors,  which  can  be  done  by  holding  a 
thin  filter-paper  behind  the  tubes,  and  observing  through  which 
tul)e  one  can  most  easily  see  certain  dark  points  in  the  paper,  etc. 
It  is  a  matter  of  course  that  some  persons  are  able  to  use  the  color 
test  with  greater  advantage  than  others,  according  to  their  different 
eyesights;  but  eyesight  may  be  considerably  improved  in  this  respect 
by  practice,  as  shown  by  experience;  in  fact,  only  very  few  have 
hitherto  been  found  incapable  for  this  work. 

The  following  experiments  have  been  made  with  regard  to  the 
influence  on  color  exercised  by  foreign  substances  in  iron  and  steel : 

3Ianganese. — 0.05  gram,  contained  in  carbonate  of  manganese, 
was  dissolved  in  2.5  and  5  c.c.  of  nitric  acid.  The  color  thus  ob- 
tained was  brown,  owing  to  the  presence  of  a  little  oxide  of  man- 
ganese. After  heating  to  100°  C.  a  small  precipitate  was  obtained 
(in  all  probability  hydrated  dioxide),  and  the  solution  assumed  a 
slightly  reddish  color,  which  disappeared  after  diluting  with  water 
to  8  or  10  c.c.  These  experiments  show  that  the  color  test  may  be 
used  for  determining  the  carbon  in  ferromanganese.  A  ferroman- 
ganese  containing  80  per  cent,  of  manganese  showed  4  per  cent,  of 
carbon  by  the  color  test. 

Phosphorus. — 0.001  gram,  contained  in  phosphate  of  sodium,  was 
added  to  a  solution  of  0.1  gram  of  iron  (as  hydrated  oxide)  in  2,5  c.c. 
of  nitric  acid  and  2.5  c.c.  of  water ;  no  difference  in  color  was  noticed 
after  this  addition.  Iron  containing  5  per  cent,  of  phosphorus  is  dif- 
ficult to  dissolve,  and  with  10  percent,  of  phosphorus  it  is  insoluble 
in  nitric  acid. 
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Sulphur. — 0.001  gram,  contained  in  sulphate  of  magnesia,  was 
added  to  a  solution  of  iron  in  2.5  c.c.  of  nitric  acid  and  2.5  c.c.  of 
water.     The  color  of  the  solution  remained  unaltered. 

Neither  did  any  alteration  in  color  take  place  when  0.01  gram  of 
manganese,  0.01  gram  of  phosphorus,  and  0.001  gram  of  sulphur 
(all  contained  in  the  above-mentioned  salts)  were  added  to  a  solution 
of  0.1  gram  of  iron  (as  h ydrated  oxide)  in  5  c.c.  of  nitric  acid  and  5  c.c. 
of  water.  The  same  quantities,  when  added  to  a  solution  of  0.1  gram 
of  standard  steel  with  0.8  per  cent,  of  carbon,  did  not  alter  the  color 
here  either. 

Copper. — 0.001  gram  was  dissolved  in  2.5  c.c.  of  nitric  acid  and 
2.5  c.c.  of  water.     No  coloring  of  the  solution. 

Silicon  in  iron  and  steel  is,  to  a  very  great  extent,  dissolved  in 
nitric  acid  on  heating,  even  if  lumps  of  silica  be  seen  floating  about 
at  the  beginning  of  the  dissolving  process.  0.4  per  cent,  of  silicon 
in  steel  has  no  influence  whatever  on  the  color  test.  Silicious  pig 
irons  always  contain  graphite,  which  must  be  filtered  oif,  together 
with  the  silica  which  may  possibly  have  remained  in.soluble. 

Tungsten  in  iron  or  steel  is  converted  into  tungstic  acid  (WO3) 
when  the  iron  or  steel  dissolves.  It  is  insoluble,  and  must  be  fil- 
tered off. 

Chromium. — 0.002  gram,  contained  in  hydrated  oxide,  when  dis- 
solved in  2.5  c.c.  of  nitric  acid  and  2.5  c.c.  of  water,  gave  a  grayish- 
blue  color  to  the  solution.  After  addition  of  water  to  the  double 
volume  this  color  grew  less  distinct.  On  addition  of  more  water 
the  color  gradually  grew  fainter,  and  at  40  c.c.  it  disaj^peared.  It  is 
difficult  or  even  impossible  to  dissolve  in  nitric  acid  iron  or  steel 
containing  much  chromium. 

Vanadium. — 0.001  gram,  contained  in  vanadic  acid  ( V2O5),  when 
dissolved  in  2.5  c.c.  of  nitric  acid,  gives  a  faint  yellow  color  to  the 
solution.     This  color  disappears  after  adding  2.5  c.c.  of  water. 

Nickel. — 0.001  gram,  when  dissolved  in  2.5  c.c.  of  nitric  acid, 
gives  a  green  color  to  the  solution.  This  color  remains  visible  after 
adding  2.5  c.c.  of  water,  but  disappears  at  8  or  10  c.c.  volume. 

Cobalt. — 0.001  gram  when  dissolved  in  2.5  c.c.  of  nitric  acid  gives, 
as  is  well  known,  a  red  color  to  the  solution.  After  adding  water  to 
24  c.c.  this  color  is  hardly  visible,  but  may,  however,  not  be  consid- 
ered removed  before  diluting  to  40  c.c. 

In  my  paper  of  18G2  I  pointed  out  the  desirableness  of  having 
permanent  standard  solutions  of  inorganic  matters,  instead  of  those 
prepared  by  dissolving  burnt  sugar  in  spirits  of  wine,  the  latter  so- 
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lutions  getting  lighter  after  some  time,  particularly  after  prolonged 
exposure  to  the  sunlight.  Many  propositions  have  been  made  of  late, 
in  various  journals,  with  regard  to  this  matter,  and  compounds  of 
iron,  cobalt,  and  nickel,  as  well  as  potassium  bichromate,  have  been 
recommended  for  the  purpose.  I  have  experimented  upon  several 
such  mixtures,  and  lately,  at  the  suggestion  of  Professor  F.  L.  Ekman, 
I  have  tried  the  chlorides  of  iron,  cobalt,  and  copper,  and  I  Hud  that 
these  yield  the  best  results,  as  they  allow  of  the  production  of  any  tint 
in  yellow,  brown,  or  green.  Such  mixtures,  diluted  with  water  con- 
taining 0.5  per  cent,  of  hydrochloric  acid  of  1.12  specific  gravity, 
have  been  found  to  remain  unaltered  even  after  a  long  exposure  to 
sunlight.  The  mixture  grows  more  and  more  yellow  by  adding 
hydrochloric  acid  drop  by  drop  only.  I  prepare  my  standard  solu- 
tions as  follows:  By  adding  to  the  neutral  chlorides  water  contain- 
ing 1.5  per  cent,  of  hydrochloric  acid  for  the  chloride  of  iron,  and 
0.5  per  cent,  for  the  two  other  chlorides,  I  prepare  solutions  of  a 
strength  corresponding  to  0.01  gram  of  metal  per  cubic  centimeter. 
Then  8  c.c.  of  the  iron  solution  are  mixed  with  6  c.c.  of  the  cobalt 
solutionand  3  c.c.  of  the  copper  solution,  and  about  5  c.c. of  water  con- 
taining 0.5  per  cent,  hydrochloric  acid  are  added  to  the  mixture.  At 
a  temperature  of  18°  C*  tliis  solution  shows  exactly  the  same  color  as 
a  solution  of  steel  in  dilute  nitric  acid  corresponding  to  0.1  per  cent, 
of  carbon  per  cubic  centimeter.  The  solution  may  afterwards  be 
diluted  with  water,  containing  0.5  per  cent,  of  hydrochloric  acid,  to 
any  standard  color  required.  The  addition  of  water  is  almost  di- 
rectly proportional  to  the  percentage  of  carbon.  It  need  scarcely 
be  mentioned  that  the  quantities,  0.1  gram  for  iron  and  steel  and  0.05 
gram  for  white  pig  iron,  must  be  correctly  weighed  out  when  arti- 
ficial standard  solutions  are  used. 

Now  that  permanent  standard  solutions  can  be  obtained,  it  seems 
to  be  the  right  time  to  apply  the  old  method  for  the  determination 
of  copper  in  ammoniacal  solutions.  This  method  was  adopted  by 
Mr.  J.  Blodget  Britton,  of  Philadelphia  {Freseyiius's  ZeitsckriJ't,  1871, 
p.  245), t  for  colori metric  tests  on  iron  and  steel.  He  uses  several 
tubes  of  the  same  size  and  quality,  having  equal  volumes  of  standard 
solutions  of  different  strengths  in  the  different  tubes ;  he  dissolves 

*  This  is  an  addition  made  since  the  paper  svas  published  in  the  Jernkontorets 
Annaler.— M.  T. 

f  From  Mr.  F.  O.  Soderberg,  at  the  School  of  Mines,  Stockholm,  standard 
solutions,  artificially  prepared,  as  well  as  standard  steels,  are  obtainable.  The 
permanent  solutions  are  kept  in  closed  glass  tubes,  to  each  of  which  belongs  a 
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the  steels  for  testing  in  similar  tubes,  and  finally  dilutes  these  solu- 
tions with  water  to  the  same  volume  as  the  standard  solutions.  By 
comparing  these  he  is  able  at  once  to  determine  to  the  hundredth  of 
one  per  cent,  by  using  1  to  2  grams  for  each  test.  For  his  standard 
solutions  he  used  burnt  coffee,  which  he  considered  to  be  better  than 
burnt  sugar. 

Greater  accuracy  in  color  tests  may  also  be  obtained  by  looking  at 
the  solutions  in  the  tubes  from  above,  instead  of  from  one  side.  In 
this  case,  however,  the  bottoms  of  the  tubes  must  be  perfectly  alike. 
A  suitable  light  must  be  provided,  and  the  columns  in  the  tubes 
must  all  have  the  same  height. 

I  trust  that  a  strict  observation  of  the  directions  now  given  will 
essentially  remove  the  difficulties  which  have  been  experienced  in 
usino;  the  color  test,  as  well  in  this  country  as  abroad.  It  should 
also  be  borne  in  mind  that  the  properties  of  iron  and  steel  are  not 
dependent  on  the  amount  of  carbon  alone. 

Before  concluding  this  paper  I  have  to  thankfully  acknowledge 
the  service  rendered  by  Mr.  C.  Gr.  Dahlerus,.mining  engineer,  in 
working  out  the  results  now  published. 


DISCUSSION  ON  CHEMICAL  METHODS  OF  ANALYZING 
RAIL  STEEL. 

Austin  Farrell  and  James  Gayley,  Missouri  Furnace  Co., 
South  St.  Louis,  Mo  :  The  discussion  of  chemical  methods  for 
the  analysis  of  iron  and  steel,  which  has  been  one  of  the  results 
of  Dr.  Dudley's  papers  on  steel  rails,  bids  fiiir  to  be  of  great 
value  in  instituting  comparisons  of  the  methods  in  use  in  the  lab- 
oratories of  our  numerous  iron  and  steel  works.  We  have  found, 
in  our  experience  in  making  comparative  determinations  (especially 
of  phosphorus)  with  other  chemists,  that  the  greatest  variations 
in  results  are  caused  by  the  use  of  different  methods.  One  case 
in  particular  has  come  under  our  observation  where  there  was  a 
marked  difJ'erence  in  results  from  two  laboratories,  but  a  close 
agreement  was  subsequently  obtained  by  the  adoption  of  the  same 

corrosponding  burotto.     Tlioso  Imving  burettes  may  send  tliein  to  liini  in  ordi>r 
to  get  suitable  tubes  for  the  standard  solutions. 
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method.  An  analysis,  at  the  present  stage  of  iron  and  steel  manu- 
facture, is  not,  as  it  formerly  was,  a  matter  of  curiosity,  but  rep- 
resents dollars  and  cents,  and  that  not  only  in  the  disposal  of 
the  product,  but  in  the  economy  of  every-day  working.  It  is  of 
the  utmost  importance,  then,  that  chemists  connected  with  iron 
and  steel  works  should  agree  upon  standard  methods,  which,  if 
not  generally  accepted,  may  be  resorted  to  as  decisive  in  adjust- 
ing the  difficulties  which  so  often  arise  between  buyer  and  seller. 
The  paper  of  Mr.  Troilius  is  of  great  interest,  as  it  gives  the  methods 
in  daily  use  in  iron  manufacturing  districts  abroad.  In  accordance 
with  Mr.  Sandberg's  suggestion,  and  at  the  request  of  the  Secretary 
of  the  Institute,  we  give  a  description  of  the  methods  used  in  our 
laboratory  in  the  analysis  of  Bessemer  pig  iron. 

Phosphorus  Determination. — 2.5  to  3  grams  of  iron  borings  are 
'  treated  with  nitric  acid  (sp.  gr.  1 .2),  using  10  c.c.  of  acid  for  each  gram 
taken,  and  heated  on  a  sand-bath  until  effervescence  ceases  ;  5  c.c.  of 
hydrochloric  acid  (sp.gr.  1.12)  for  each  gram  of  iron  are  then  added,  the 
solution  evaporated  to  dryness,  and  heated  in  an  air-bath  for  one  hour  at 
a  temperature  of  120°  C.  Take  up  with  the  least  possible  amount  of 
concentrated  hydrochloric  acid,  and  when  the  oxide  of  iron  is  dis- 
splved,  add  nitric  acid  and  drive  off  the  hydrochloric  acid  by  evapo- 
ration, adding  a  little  nitric  acid  from  time  to  time.  Finally,  con- 
centrate to  small  bulk  and  then  dilute  sufficiently  to  prevent  the 
acid  from  attacking  the  paper,  and  filter ;  or,  what  is  preferable,  filter 
through  asbestos,  using  a  Bunsen  pump.  If  the  bulk  of  the  filtrate 
is  too  large,  concentrate  by  evaporation ;  nearly  neutralize  with 
ammonia,  add  molybdate  solution,  and  allow  to  stand  on  a  water- 
bath  from  20  to  30  minutes;  then  put  the  beaker  in  a  warm  place 
for  2  or  3  hours.  If  the  solution  is  nearly  neutral,  a  complete 
precipitation  takes  place.  The  yellow  precipitate,  after  being  thor- 
oughly washed,  is  dissolved  in  ammonia,  the  filtrate  nearly  neutral- 
ized with  hydrochloric  acid,  slightly  warmed,  and  allowed  to  stand 
from  1  to  2  hours  in  order  to  separate  any  silica  which  may  be  pres- 
ent. It  is  again  filtered,  if  necessary,  magnesia-mixture  added,  stirred 
vigorously,  and  allowed  to  stand  until  the  supernatant  fluid  becomes 
clear.  It  is  then  filtered  and  ignited  while  still  wet.  Below  are  some 
comparative  analyses,  m.ade  in  connection  with  chemists  at  different 
Bessemer  works,  using  the  molybdate  method,  and  reprecipitating 
with  magnesia-mixture.  As  we  have  not  these  chemists'  permission 
we  cannot  give  their  names: 
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Missouri  Furnace 

Co. 

Bessemer  Works. 

0.112 

0.114 

0.052 

0.053 

0.145 

0.141 

0.131 

0.132 

0.098 

0.100 

In  the  method  of  deter qi in ing  phosphorn.s  by  weighing  tlie  yel- 
low precipitate  directly  we  find  that  the  results  obtained  are  too 
high.  It  is  an  interesting  fact  which  we  have  noted,  that  in  labora- 
tories where  this  dii'ect  method  is  generally  used,  the  double  precipi- 
tation is  resorted  to  in  cases  of  special  importance. 

Sulphur  Determination. — In  the  determination  of  sulphur  we  gen- 
erally nse  Dr.. T.  M.  Drown's  method,*  and  find  it  very  satisfactory. 
Recently  we  have  used  with  much  success,  on  low-sulphur  irons, 
Elliot's  method  as  described  in  the  communication  of  Mr.  Emnierton. 

Silicon  Determination. — Weigh  out  into  a  small-sized  beaker  from 
0.5  to  1  gram  of  iron  borings.  Add  from  8  to  1 2  c.c.  of  water,  and  from 
1  to  2  c.c.  of  concentrated  sulphuric  acid;  heat  until  effervescence 
ceases,  then  add  from  1  to  2  c.c.  of  concentrated  nitric  acid  and  evapo- 
rate to  dryness.  Moisten  with  concentrated  hydrochloric  acid  ;  add 
from  20  to  30  c.c.  of  water;  boil  until  the  iron  salts  dissolve;  filter, 
wash  three  times  with  warm  water,  twice  with  boiling  water  containing 
5  per  cent,  of  nitric  acid,  and  then  twice  with  warm  water,  and  ignite 
without  drying.  The  average  time  for  making  a  determination  is 
from  seventy-five  to  ninety  minutes.  The  results  obtained  are  very 
satisfactory. 

Manganese  Determination. — We  use  the  method  described  by  Mr. 
Fordjt  and  find  the  results  very  satisfactory. 

J.  W.  Cabot,  Johnstown,  Pa. :  Carbon  Determination. — When  all 
the  necessary  precautions  are  taken,  the  Eggertz  color-test  is  doubt- 
less very  satisfactory  and  accurate  for  carbon  in  rail-steel;  but  it  may 
also  give  very  wild  results  if  these  precautions  are  neglected. 

In  dissolving  the  steel,  if  the  acid  is  poured  on  in  such  a  way  as 
to  become  very  hot,  there  is  danger  of  a  loss  of  carbon-color.  Some 
of  the  iron  may  also  be  converted  into  a  difficultly-soluI)le  o.xidc. 
These  two  sources  of  error  can  be  avoided  by  pouring  the  stccl-bor- 
ings  into  the  acid  instead  of  the  acid  on  to  the  steel,  so  that  there  will 
always  be  a  large  amount  of  acid  with  a  small  amount  of  undissolved 


*   Transar/ioiis,  vol.  ii,  p.  224.  f    Tra7itncii(i7i.^,vo\.  ix,  p.  397. 
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steel,  the  dissolving  vessel  being  kept  cool  by  standing  in  water.  It 
does  not  seem  to  be  of  importance  whether  the  final  dissolving  is 
done  at  90°  or  100°  C,  provided  the  time  is  varied  correspondingly  ; 
the  higher  the  heat  used  the  less  time  being  allowed.  In  fact,  a  very 
satisfactory  way,  I  have  found,  is  to  boil  the  acid  solution  gently 
over  a  lamji  for  about  eight  minutes.  This  will  insure  the  complete 
solution  of  the  carbide  of  iron,  and  in  a  number  of  comparative 
trials  has  given  the  same  intensity  of  color  as  the  same  steel  dissolved 
at  a  lower  temperature  and  in  longer  time.  The  fact  that  the  car- 
bide and  oxide  of  iron  sometimes  dissolve  with  difficulty  is  another 
source  of  error.  It  is  desirable  to  filter  the  solution  before  compar- 
ing, to  free  it  from  suspended  silica. 

In  regard  to  the  amount  of  steel  taken  for  analysis,  it  would  seem 
that  it  should  be  at  least  0.5  gram,  for  the  reason  that  slight  inac- 
curacies in  the  weighing  and  subsequent  treatment  would  not  so 
largely  appear  in  the  result  as  they  would  if  only  0.1  gram,  or 
0.2  gram  was  taken.  If  a  full  gram  is  used  the  possible  error  is  di- 
vided by  ten  ;  and  this  is  no  mere  distinction  without  a  difference, 
for  the  fact  must  be  considered  tiiat  this  kind  of  work  is  done,  and 
must  alwavs  be  done,  by  persons  who  are  not  analysts. 

Judging  the  color  of  the  solutions  by  means  of  a  rack  of  graduated 
standard  solutions  is,  I  think,  more  rapid  and  more  convenient  than 
comparing  with  a  standard  steel  dissolved  each  time.  In  order  to  use 
the  latter  method  it  is  necessary,  in  extensive  practice,  to  have  a  large 
piece  of  steel  standardized,  and,  if  it  is  true,  as  I  presume  will  not 
be  disputed,  that  the  carbon  content  of  different  parts  of  a  large 
piece  of  steel — especially  Bessemer  steel — varies  as  much  as  0.02  per 
cent.,  the  standard  itself  may  introduce  such  an  error  into  the  esti- 
mation. Of  course  it  would  not  do  to  take  the  average  carbon  content, 
unless  it  were  possible  to  use,  with  every  set  of  estimations,  standard 
borings  which  would  be  a  fair  average  sample.  By  working  with 
standard  solutions  this  difficulty  can  be  obviated  in  j)art,  because  a 
much  smaller,  and  presumably  more  homogeneous  piece  of  stSel  may 
be  used  as  a  standard.  If  sufficient  care  is  taken  in  the  preparation 
of  the  fixed  standard,  so  that  it  remains  fixed,  or  is  corrected  before 
it  gets  more  than  0.01  per  cent,  fi-oin  the  truth,  this  latter  method 
seems  to  be  even  more  accurate  than  the  other. 

By  having  a  series  of  colors  made,  as  Professor  Eggertz  suggests, 
with  inorganic  solutions,  graduated  to  every  two-hundredths  of  a  per 
cent,  from  0.20  to  0.50  per  cent,,  and  testing  the  permanency  of  the 
colors  by  means  of  at  least  two  small  standard  steels,  at  stated  inter- 
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vals,    and  observing  all  the  conditions,  carbon  estimations,  accurate 
to  0.01  per  cent.,  can  doubtless  be  made  with  great  facility. 

Manganese  Determination. — The  following  method  for  the  estima- 
tion of  manganese,  given  somewhat  in  detail,  has  proved  in  a  large 
number  of  cases  to  be  very  accurate  and  satisfactory. 

.  One  gram  of  steel  is  dissolved  in  1 5  c.c,  of  nitric  acid  (sp.  gr.  1,2)  in  a 
small  beaker,  evaporated  to  about  10  c.c,  then  diluted  and  poured  into 
a  large  flask  and  further  diluted  to  about  750  c.c.  Acetate  of  soda  is 
added  till  the  solution  becomes  deep  red  ;  then,  about  as  much  more 
of  the  acetate.  This  is  boiled  a  minute,  and  the  precipitate  allowed  to 
settle,  the  flask  being  laid  on  its  side.  The  clear  liquid  is  poured 
through  a  large  plaited  filter,  and  the  precipitate  dissolved  in  15  c.c. 
of  nitric  acid,  and  a  second  separation  made,  the  whole  contents  being 
then  thrown  on  the  filter;  ammonia  is  added  to  the  filtrate  until 
there  is  a  distinct  precipitate,  and  then  bromine-water  (4  to  5  c.c), 
drop  by  drop.  After  standing  a  few  minutes  the  solution  is  heated 
to  boiling,  being  constantly  stirred  to  make. the  precij)itate  collect, 
and  bromine- water  added  at  intervals.  After  boiling  five  minutes 
the  lamp  is  placed  at  one  side,  which  causes  the  precipitate  to  roll 
into  a  ball  on  the  other  side  of  the  beaker,  which  allows  the  clear 
filtrate  to  be  siphoned  off  and  the  precipitate  to  be  washed  very 
thoroughly  with  hot  water.  If  the  filtrate  shows  no  yellow  tint  it 
is  entirely  free  from  manganese. 

Of  many  tests  made  of  such  filtrates  no  instance  of  manganese 
remaining  in  the  solution  has  been  found.  This  precipitate  will  con- 
tain, besides  the  mixed  oxides  of  manganese,  invariably  traces  of 
oxide  of  iron  and  silica,  and  sometimes  traces  of  cobalt  and  nickel. 
But,  as  the  last  two  seldom  occur  in  weighable  quantities,  the  pre- 
cipitate need  only  be  corrected  for  iron  and  silica.  After  igniting  at 
a  heat  approaching  whiteness  for  fifteen  minutes,  and  weighing  as 
MugO^,  it  is  dissolved  in  hydrochloric  acid,  the  chlorine  boiled  off, 
acetic  acid  (or  acetate  of  ammonia)  added,  and  the  iron  precipi- 
tated with  ammonia,  and  filtered  off  with  the  silica.  A  trace  of 
manganese  is  often  thrown  down  with  the  iron,  so  that  it  must  be 
dissolved  on  the  filter  and  again  precipitated  and  filtered  on  to 
the  same  filter,  washed,  ignited,  and  weighed.  When  this  is  sub- 
tracted from  the  gross  weight  there  is  left  the  true  weight  of  Mn.^O^. 
If  nickel  and  cobalt  are  present,  in  weighable  quantities,  they  must 
of  course  be  estimated  and  subtracted  from  the  first  weight.  The 
method  is  not  as  rapid  as  could  be  desire(|,  requiring  three  or  four 
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hours  for  completion,  though  a  dozen  estimations  may  be  made  in  a 
day. 

Phosphorus  Determination. — For  ordinary  rail-steel,  I  think  a 
very  good  "way  is  to  take  1  gram  for  analysis,  as  more  than  this  gives 
so  large  a  bulk  of  precipitate  that  it  is  not  conveniently  washed.  In 
precipitating  I  think  it  advisable  to  use  a  large  excess  of  molybdate 
solution,  and  allow  it  to  stand  at  least  three  hours,  at  a  heat  of  about 
90°  C.  Instead  of  brushing  oif,  or  igniting  the  phospho-molybdate, 
it  seems  to  me  preferable  to  dry  and  weigh  the  filter  and  precipi- 
tate in  a  light  weighing-tube  with  ground-glass  cover.  Duplicates 
done  in  this  way  should  not  differ  more  than  0.002  per  cent. 

F.  P.  Dewey,  Washington,  D.J3. :  Carbon  Determination. — For 
the  rapid  estimation  of  carbon  I  use  theEggertz  color-test  with  a  sin- 
gle standard  prepared  from  caramel,  the  color  corresponding  to  0.01 
per  cent,  per  cnbic  centimeter  on  a  gram.  The  solution  of  steel  is 
prepared  in  the  ordinary  way  at  a  temperature  of  87°  C,  and  the 
comparison  made,  when  solution  is  complete,  as  rapidly  as  pos- 
sible, with  a  minimum  exposure  of  the  apparatus  to  the  light.  Al- 
though I  have  used  this  method  a  great  deal,  I  am  not  thoroughly 
impressed  with  its  accuracy,  but  its  rapidity  recommends  it  highly 
where  a  great  many  determinations  are  required  daily.  My  lack  of 
confidence  in  the  method  arises  from  an  occasional  anomalous  result, 
and  also  from  the  lack  of  agreement  in  the  results  obtained  by  differ- 
ent chemists  working  on  the  same  sample.  Mr.  Troilius  and  others 
claim  that  results  accurate  within  0.01  per  cent,  can  be  obtained  ;  this 
I  doubt  very  much,  and  even  if  such  accuracy  can  be  obtained,  it  is 
not  the  rule.  My  own  experience,  and  the  recorded  experience  of 
others,  show  that  it  may  give  percentages  widely  different  from  the 
truth.  On  the  other  hand,  when  working  on  one  class  of  steels  of 
nearly  the  same  percentage  the  results  are  strictly  comparable,  though 
not  always  as  close  as  0.01  per  cent. ;  and  this  fact,  combined  with  its 
rapidity,  eminently  fits  it  for  a  steel-works'  method.  I  do  not  wish 
to  be  considered  as  condemning  the  methotl,  but  I  am  convinced  that 
the  accuracy  claimed  for  it  has  been  over-estimated,  and  that  its 
proper  function  is  simply  to  control  at  the  works. 

The  following  are  results  in  my  possession  obtained  by  the  chem- 
ists of  both  English  and  American  steel-works. 
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Chemist. 

steel  No.  1. 

A. 

B. 

c. 

D. 

E. 

(Same  sample  throughout.) 

0.16 

0.10 

0.14 

Steel  No.  2. 
(Same  sample  throughout.) 

fO.37 
0.39 

1  0.38 

0.45 
0.44 
0.42 

1.0.39 

0.44 

Steel  No.  2. 

/  0.35 
10.39 

(Another  sample.) 

When  the  greatest  accuracy  is  required  I  much  prefer  to  dissolve 
the  steel  in  ammonio-cupric  chloride,  and  burn  the  residue  in  oxygen 
gas  in  a  porcelain  tube.  This  is  necessarily  a  longer  process,  but 
when  a  number  of  determinations  are  made  at  once,  only  a  small 
amount  of  time  is  consumed  by  each  determination. 

Phosphorus  Determination. — I  have  two  methods  for  phosphorus, 
depending  upon  the  time  in  which  a  result  is  required.  For  con- 
trolling the  run  of  the  works  I  proceed  as  follows:  Not  less  than  two 
grams  are  dissolved  in  nitric  acid  (sp.  gr.  1.2),  with  the  addition  of  a 
small  amount  of  dilute  hydrochloric  acid,  and  the  solution  evapor- 
ated to  dryness.  When  thoroughly  dry  the  residue  is  heated  to 
120°  to  130°  C.  for  an  hour  and  a  half.  This  residue  is  gener- 
ally considered  as  insoluble  in  nitric  acid,  but  in  the  last  three 
years  I  have  never  once  failed  to  bring  it  into  solution  by  adding  a 
moderate  amount  of  strong  nitric  acid  (sp.  gr.  1.4),  covering  securely, 
and  warming  gently  for  ten  to  twenty  minutes,  according  to  the 
amount  of  steel  taken.  After  solution,  the  excess  of  acid  is  evapor- 
ated oif  until  a  thick  syrup  is  obtained,  which  is  diluted  sufficiently 
and  filtered.  The  filtrate  is  treated  with  ammonia  until  a  slight  per- 
manent precipitate  is  formed,  the  necessary  amount  of  a  nitric  acid  solu- 
tion of  molybdic  acid  is  added,  and  the  whole  kept  warm  and  agitated 
occasionally  for  two  to  three  hours,  at  the  end  of  which  time  the  pre- 
cipitate is  filtered  off  and  weighed.  It  has  been  my  plan  to  filter 
through  counterpoised  filters,  wash  with  water  containing  1  percent, 
of  nitric  acid,  dry  at  120°  C,  and  weigh  ;  but  since  the  introduction 
of  the  Gooch  filtering  crucible  I  have  been  very  much  pleased  with 
its  working,  and  pro])ose,  in  the  future,  to  filter  through  that,  and 
avoid  all  weighing  of  paper.  In  the  case  of  steels  low  in  silicon, 
especially  soft  steels,  the  evaporation  to  dryness  may  be  omitted,  by 
which  means  the  process  is  very  much  sliortened.  The  second 
VOL.  X.— 13 
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method  allows  the  raolybdic  precipitate  longer  to  separate,  and  the 
fluid  is  kept  warmer.  After  filtering,  the  precipitate  is  dissolved  in 
ammonia,  and  the  phosphoric  acid  precipitated  by  magnesia-mixture 
and  ammonia.  The  time  allowed  for  this  precipitate  to  separate  is 
dependent  in  a  great  measure  upon  the  amount  of  agitation  which 
can  be  given  the  fluid.  With  a  great  deal  of  agitation  it  may  safely 
be  filtered  in  three  hours,  and  I  suppose  with  constant  agitation  it 
might  be  filtered  sooner.  I  regard  the  second  method  as  much 
more  accurate  than  the  first,  tiie  objection  to  the  first  being  the 
liability  of  incomplete  preci[)itation  of  the  phosphorus  from  the  lack 
of  sufficient  heat,  or,  what  is  more  common,  the  precipitation  of  free 
molybdic  acid  from  an  excess  of  heat. 

Silicon  Determination. — I  have  been  in  the  habit  of  dissolving  in 
aqua  regia,  evaporating  and  separating  in  the  usual  way,  and  fusing 
the  residue  with  mixed  carbonates,  but  I  have  recently  tried  the 
nitric  and  sulphuric  acids  method  of  Dr.  T.  M.  Drown,  and  propose 
to  adopt  it  permanently.* 

Manganese  Determination. — I  use  the  method  given  in  Mr. Kent's 
paper  at  the  Staunton  meeting,  under  Chemist  I.  It  is  as  fol- 
lows: "A  slight  permanent  precipitate  is  formed  in  the  solution 
by  sodium  carbonate,  then  4  c.c.  of  acetic  acid  (sp.  gr.  1.04)  added 
for  each  500  c.c.  of  final  solution.  As  soon  as  the  precipitate  is  dis- 
solved, the  solution  is  diluted  with  hot  water  to  500  c.c.  for  each  0.5 
gram  of  iron  or  steel.  The  solution  is  then  brought  to  the  boiling- 
point,  when  the  requisite  amount  of  sodium  acetate  is  added,  the 
whole  is  boiled  for  a  few  moments,  and  allowed  to  settle.  When 
nearly  clear,  as  much  as  possible  of  the  solution  is  poured  through  a 
ribbed  filter,  boiling  water  is  added  to  the  precipitate,  and  the  whole 
again  brought  to  the  boil,  when  it  is  allowed  to  settle,  and  the  solution 
poured  through  the  filter.  It  is  washed  again  twice  by  decantation, 
with  the  addition  each  time  of  0.5  c.c.  of  the  same  acetic  acid  ;  the 
precipitate  is  then  brought  on  to  the  filter  and  washed  with  boiling 
water  until  free  from  chlorides.  The  filtrate  is  allowed  to  stand  on 
the  steam-bath  over  night.  When  dry,  the  residue  is  taken  up  in 
water  with  addition  of  about  1  c.c.  of  acetic  acid.  By  this  process  any 
iron  in  the  filtrate  will  be  left  undissolved,  and  can  be  filtered  off. 
If  I  am  in  a  hurry  (instead  of  evaporating  to  dryness)  I  add  a  little 
sodium  carbonate  solution  and  evaporate  to  a  suitable  volume;  the 
manganese  is  then  precipitated  with   bromine The   man- 
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ganese  is  liltored  off  and  weighed  as  MiigO^ The  amount 

of  alUali  tliat  it   contains  is  very  small,  and  when  the  percentage  is 
under  2,  the  error  fiom  that  cause  is  too  small  to  be  considered.     I 
made  a  series  of  tests  on  that  subject  by  M'cighing  the  manganese 
first  as  MugO^and  then  as  Mn2P,07,and  found  that  up  to  2  per  cent.  . 
the  difference  was  very  small." 

While  the  results  given  in  Mr.  Kent's  paper  seem  to  be  strongly 
against  the  method,  I  am  yet  to  be  convinced  that  there  is  a  uni- 
formly better  method.  I  have  tried  the  precipitation  of  manganese 
by  potassium  chlorate  in  strong  nitric  acid  solution,  and  am  quite 
favorably  impressed  with  it,  but  I  am  not  familiar  enough  with  it 
yet  to  express  a  decided  opinion.  In  regard  to  the  precipitation  of 
manganese  by  ammonia  and  l)romine  combined,  in  the  presence  of 
amraoniacal  salts,  I  may  say  that  I  have  used  that  process  for  the 
estimation  of  the  small  amounts  of  manganese  occurring  in  many 
native  silicates  with  excellent  results. 

Sulphur  Determination. — I  have  two  methods,  a  rapid  and  a  slow 
one.  When  in  a  hurry  I  dissolve  five  grams  or  more  of  steel  in 
hydrochloric  acid,  and  pass  the  gas  through  an  ammoniacal  solution 
of  cadraic  sulphate.  As  soon  as  solution  is  effected  the  acid  is  boiled, 
and  the  evolution  flask  is  filled  with  boiling  water.  The  cadmic 
sulphide  precipitated  is  then  filtered  off*  on  counterpoised  filters^ 
washed  first  with  water  containing  ammonia  and  then  with  water, 
dried  at  100°  C,  and  weighed.  This  is  not  a  rigidly  exact  method, 
but  as  results  can  be  obtained  in  two  or  three  hours  it  has  its  advan- 
tages. When  accuracy  is  required  I  use  the  method  of  Dr.  T. 
M.  Drown,*  the  steel  being  dissolved  in  hydrochloric  acid,  and  the 
gas  passed  through  potassi(!  permanganate,  and  the  sulphur  precipi- 
tated as  baric  sulphate.  For  this  process  I  keep  a  separate  bottle  of 
acid  and  one  of  potassic  permanganate,  in  which  I  determine  the 
amount  of  sulphuric  acid,  and  always  apply  the  suitable  correction 
to  the  analysis.  I  have  seen  the  bromine  process  used  with  very 
satisfactory  results.  Of  all  the  methods  described  by  Mr.  Troilins 
it  seems  to  me  that  his  method  for  sulphur  is  the  only  one  open  to 
very  serious  objection,  and  the  precipitation  of  a  small  amount  of 
baric  sulphate  in  the  presence  of  a  large  amount  of  iron  certainly 
is  a  very  grave  objection.  I  have  frequently  had  considerable  troid)lc 
in  freeing  baric  sulphate  from  iron  where  the  proportion  of  iron 
to  sulphate  was  much  less  than  in  this  case,  even  when  using  much 


*   TruHnacliuna,  vol.  ii,  j).  '1'2.A, 


196  DISCUSSION    ON    AXALYZrXG    RAIL-STEEL. 

more  than  "some  drops  of  hydrochloric  acid"  in  the  wash- water, 
and  washing  many  times  by  decantation. 

J.  B.  Mackintosh,  Hoboken,  N.  J. :  Carbon  Determination. — 
Since  I  never  have  enough  steels  at  one  time  for  analysis  to  render 
it  worth  while  to  prepare  standard  solutions,  I  use  the  combustion 
method.  Two  grams  of  the  sample  are  treated  with  a  concentrated 
solution  of  cupric  chloride,  with  the  addition  of  enough  ammonia  to  pro- 
duce a  permanent  precipitate,  and,  finally  hydrochloric  acid  is  added, 
and,  if  necessary,  more  copper  solution  to  dissolve  the  precipitated 
copper.  The  solution  ife  filtered  through  an  ordinary  small  funnel, 
loosely  stopped  with  asbestos,  and  washed  with  hydrochloric  acid 
and  water  as  usual.  The  filter  is  then  dried  in  an  air-bath.  When 
dry  the  asbestos,  with  most  of  the  carbon,  is  placed  in  a  platinum 
boat,  and  the  carbon  which  remains  attached  to  the  side  of  the  funnel 
is  collected  together  by  a  small  bunch  of  slightly  moistened  asbestos 
and  added  to  the  rest.  The  combustion  is  performed  in  a  stream  of 
oxygen,  and  the  resulting  carbonic  acid  is  absorbed  by  soda-lime. 

Phosphorus  Determination. — I  dissolve,  according  to  the  sample, 
from  2  to  10  grams  of  steel  in  a  mixture  of  nitric  and  hydro- 
chloric acid  on  a  sand-bath,  boil  the  solution  with  occasional  addition 
of  hydrochloric  acid  till  all  the  nitric  acid  is  destroyed,  and  evapo- 
rate to  dryness.  The  residue  is  then  redissolved  in  hydrochloric 
acid,  water  is  added,  and  sulphuretted  hydrogen  passed  into  the  solu- 
tion till  the  iron  is  reduced  to  the  ferrous  condition.  In  order  to  do  this 
it  is  necessary  that  the  nitric  acid  should  have  been  perfectly  expelled, 
for  otherwise  the  sulphuretted  hydrogen  will  be  decomposed,  with 
separation  of  sulphur,  a  little  nitric  acid  acting  as  in  the  manufac- 
ture of  sulphuric  acid,  being  continuously  destroyed  and  as  contin- 
uously regenerated.  By  this  operation  any  arsenic  which  may  be 
present  in  the  solution  will  be  separated  as  sulphide,  and  will  not  be 
present  with  the  phosphorus  in  the  subsequent  stages  of  the  process. 

The  solution  is  then  boiled  to  expel  the  excess  of  sulphuretted 
hydrogen,  and  without  filtering  off  the  sulphur  and  sulphide  of  ar- 
senic, if  present,  a  few  cubic  centimeters  of  permanganate  solution 
are  added,  and  then  ammonia  in  quantity  sufficient  to  precipitate  all 
the  ferric  oxide  in  the  solution,  and  with  it  all  the  phosphoric  acid.* 
This  precipitate  is  filtered  as  rapidly  as  possible,  and  without  washing 
is  dissolved  in  hydrochloric  acid,  and  the  sulphur,  etc.,  filtered  out. 

*  I  have  since  found  that  sninll  quantities  of  phosphoric  acid  pass  into  the  fil- 
trate, which  may  be  regained  by  repetitions  of  the  precipitations. 
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Nitric  acid  is  then  added  to  the  sohition,  which  is  boiled  to  peroxidize 
the  iron,  and  then  ammonia,  and  tlie  filtered  precipitate,  once  washed, 
is  dissolved  in  nitric  acid.  This  solution  is,  if  necessary,  concen- 
trated to  about  50  c.c,  and  the  solution  of  molybdate  of  ammonia 
is  then  blown  forcibly  into  it  from  a  pipette,  which  will  prevent  the 
precipitation  of  the  molybdic  acid. 

The  molybdate  solution  used  is  made  by  dissolving  about  130 
grams  molybdate  of  ammonia  in  1000  c.c.  water,  with  the  addition 
of  a  little  free  ammonia.  Ten  cubic  centimeters  of  a  solution  of 
this  strength  should  precipitate  about  0.02  gram  of  phosphorus. 

The  solution  is  then  heated,  though  not  to  boiling,  is  removed 
from  the  source  of  heat  and  ammonia  gradually  added  till  the  yel- 
low precipitate  forms;  then,  if  any  iron  has  been  precipitated,  it  is 
redissolved  with  nitric  acid  in  slight  excess.  After  standing  on 
top  of  the  air-bath  for  3  to  4  hours  it  is  filtered  and  washed  with  a 
solution  of  nitrate  of  ammonia  slightly  acidified  with  nitric  acid. 
The  filtrate  is  allowed  to  stand  over  night,  with  fresh  addition  of 
molybdate  solution  in  case  the  precipitation  has  not  been  complete. 

The  precipitate,  after  having  been  thoroughly  washed,  is  dissolved 
in  ammonia.  Any  iron  which  may  be  present  is  dissolved  in  hy- 
drochloric acid  and  a  few  drops  of  citric  acid,  and  the  solution  made 
alkaline  with  ammonia  and  added  to  the  main  portion.  The  solution 
is  allowed  to  stand  for  an  hour,  tiien  filtered,  and  magnesia-mix- 
ture added,  and  the  precipitated  araraonium-magnesium-phosphate 
treated  as  usual. 

kSulphur  I  determine  in  the  same  manner  as  Mr.  Troilius;  man- 
ganese by  acetate  of  soda  and  bromine  ;  and  silicon  by  the  aqua  re- 
p;ia  method. 

Benjamin  B.  Wright,  Pittsburgh,  Pa.:  A  Volumetrio  Method 
of  Estimating  Phosphorus. — Three  grams  of  steel,  or  less,  are  dis- 
solved in  30  c.c.  of  nitric  acid  (sp.  gr.  1.2),  the  solution  is  dried 
on  a  sand-bath,  and  heated  till  no  more  fumes  are  given  off,  in 
order  to  destroy  any  organic  matter.  The  dried  mass  is  then  dis- 
solved in  strong  hydrochloric  acid,  and  the  solution  evai>orated  to 
small  bulk  by  boiling.  The  boiling  will  change  any  ))yropl)osi)horic 
acid,  formed  by  the  heating,  back  to  the  ordinary  phosphoric  acid.  The 
solution  of  iron  is  allowed  to  cool  and  a  strong  solution  of  ammon- 
ium nitrate  added.  This  solution  is  made  by  dissolving  600  grams 
of  chemically  i)ure  ammonium  nitrate  in  water  and  diluting  to  a 
liter;  10  c.c.  of  this  solution  are  added  for  each  gram  of  metal 
originally  taken. 
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The  solution  of  iron  is  then  filtered  into  a  beaker  and  about  15 
c.c.  of  water  are  added.  The  solution  is  now  ready  for  precipita- 
tion. I  have  found  that  the  above  large  amount  of  ammonium  ni- 
trate insures  the  precipitation  of  all  the  phosphorus,  notwithstanding 
the  presence  of  hydrochloric  acid  in  the  solution.  The  solution  is 
then  heated  on  a  water-bath  to  between  75°  and  85°  C,  and  the  phos- 
phoric acid  is  precipitated  by  the  addition  of  from  20  to  25  c.c. 
of  a  nitric  acid  solution  of  ammonium  raolybdate,  made  according 
to  the  formula  in  Frcsenius's  Analysis.  The  solution  is  kept  at  the 
above  temperature  for  one  hour,  when  the  precipitation  will  be  com- 
plete. It  is  important  that  the  solution  be  kept  between  the  above 
limits  of  temperature,  as  a  lower  temperature  than  75"^  C  will  not 
complete  the  precipitation  in  an  hour;  while  a  higher  temjierature 
than  85°  C.  will  precipitate  molybdic  acid.  The  yellow  precipitate 
is  filtered  ofi'  and  washed  with  a  six  percent,  solution  of  ammonium 
nitrate  till  free  from  iron. 

The  precipitate  is  then  dissolved  in  dilute  ammonia,  and  the  solu- 
tion transferred  to  a  flask.  50  c.c.  of  dilute  sul|)huric  acid  are  added, 
and  from  5  to  10  grams  of  granulated  zinc,  and  the  solution  is  boiled 
hard  for  30  minutes.  The  action  must  be  vigorous  to  insure  the  com- 
plete reduction  of  the  molybdic  acid,  and  if  the  zinc  is  all  dissolved 
before  that  time  more  must  be  added.  At  the  end  of  the  thirty 
minutes  the  reduced  solution  is  poured  off  from  the  zinc,  if  it  is  not 
all  dissolved,  and  titrated  directly  with  standardized  potassium  j)er- 
manganate  solution,  and  the  amount  of  phosphoius  in  the  steel  cal- 
culated directly  from  the  number  of  cubic  centimeters  of  perman- 
ganate used. 

The  solution  when  ready  for  titration  is  almost  black  from  the 
sulphate  of  sesquioxide  of  molybdenum  formed  by  the  reduction 
of  the  molybdic  acid;  but  on  the  addition  of  the  permanganate 
the  color  is  entirely  discharged,  and  the  usual  pink  end-reaction  of 
the  permanganate  can  be  clearly  seen. 

I  have  foimd  by  careful  analyses  that  the  precipitate  made  by  the 
above  method  is  of  absolutely  uniform  composition,  and  that  the 
amount  of  phosphorus  in  it  is  1.54  per  cent,  of  the  amount  of  mo- 
lybdic acid  ;  so  that  if  the  molybdic  acid  in  the  precipitate  be  deter- 
mined, the  amount  of  phosphorus  may  readily  be  calculated  from  it. 

In  standardizing  potassium  permanganate  for  this  analysis  iron 
wire  is  used.     According  to  Wernike,*  the  iron  standard  multiplied 


*  Fre?onii].«'s  Zeitsclirift,  xiv,  p.  L 
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by  .903  equals  the  niolybdic  acid  standard  :  and  from  my  analyses 
the  amount  of  molybdie  acid  in  the  precipitate,  multiplied  by  .0154, 
equals  the  phosphorus  in  grams.  Then  by  multiplying  the  amount 
of  iron  represented  by  1  c.c.  of  the  permanganate  by  the  product 
of  these  two  numbers  (.0139)  the  amount  of  phosphorus  represented 
by  each  cubic  centimeter  is  found.  The  permanganate  should  be  of 
such  strength  that  1  c.c.  equals  about  .0075  grams  of  iron  ;  then 
1  c.c.  will  represent  about  .0001  gram  of  phosphorus. 

In  making  the  analyses  on  which  the  above  figures  are  based  I 
determined  the  phosphorus  in  the  yellow  precipitate  by  the  usual 
magnesia-mixture,  with  the  necessary  precautions  to  avoid  the  pres- 
ence of  molybdie  acid  in  the  pyrophosphate  of  magnesia,  and  in  the 
filtrate  from  this  precipitate  determined  the  molybdie  acid  volumetri- 
cally. 

Three  hours  and  a  half  are  generally  required  to  complete  an 
analysis  for  phosphorus  in  steel  by  this  method.  Pig  irons  require 
about  fifteen  minutes  more  on  account  of  the  difficulty  of  filtering 
the  solution.  The  time  on  an  analysis  of  steel  is  divided  about  as 
follows : 

Hours.  Minutes. 

Weighing,  (lis.~olving,  and  transferring  to  dish,       .         .  0  15 

Drying,      ..........  1 

J)i.«solving,  adding  ammonia  nitrate,  and  filtering,  .         .  0  15 

Precipitation,  .........  1 

Filtration  and  washing,    .......  0  15 

Keduction, 0  30 

Titration,          .........  0  5 

20 

I  have  made  two  analyses  for  phosphorus  by  this  method,  carryino- 
on  the  operations  together,  in  3  hours  35  minutes. 

In  conclusion  I  can  give  the  following  results  of  comparative  an- 
alyses which  I  have  made;  those  in  the  first  series  being  made  by  the 
use  of  molybdie  acid  and  double  precipitation,  the  phosphorus  beino- 
determined  as  magnesium  pyrophosphate;  those  in  the  second  series 
being  made  by  the  above  volumetric  method  : 

Irons  and  Stools.  By  Gravimetric  Analysis.         By  Volumetric  Analysis. 

^o.l,  .  .  .  .         '.  .070  .070 

2, 085  .084 

3, 087  .084 

4 071  .070 

6, 03()  .033 

6, 024  .023 

7 125  .125 
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The  following  analyses  were  made  by  my  assistants : 

8, 087  .083 

9, 032  .031 

10 163  .152 

'  F.  A.  Emmerton,  Joliet,  Illinois. — The  following  are  the  methods 
used  in  the  analysis  of  steel  in  the  laboratory  of  the  Joliet  Steel 
Company : 

Carbon  Determination. — One  gram  of  steel  is  used  for  each  test, 
the  drillings  being  put  in  test-tubes  8  inches  long,  and  1  inch 
diameter,  set  in  a  suitable  rack  ;  15  c.c.  of  nitric  acid  (sp.  gr.  1.2), 
are  run  into  each  tube  from  a  pipette,  the  tubes  in  the  rack  being 
partly  immersed  in  cold  water  to  prevent  the  reaction  being  too  vio- 
lent. The  tubes  are  closed  loosely  with  glass  bulbs,  a  little  larger 
than  the  mouth  of  the  tubes,  and  are  set  in  a  water-bath  kept  at 
90°  C.  for  a  half  hour.  The  rack  containing  the  tubes  is  then  set  in  a 
pan  of  cold  water  to  cool  the  solutions,  which,  in  a  few  minutes,  are 
filtered  through  3|-inch  filters  into  a  set  of  test-tubes,  5  inches  long, 
and  as  near  as  possible  |  inch  diameter.  The  colors  are  then  com- 
pared with  a  set  of  standard  colors,  corresponding  to  every  even 
hundredth  of  a  per  cent.,  ranging  from  .16  percent,  to  .44  per  cent. 
The  standard  colors,  of  course,  are  kept  in  tubes  of  the  same  size  as 
those  into  which  the  solutions  to  be  tested  are  filtered,  and  are  made 
from  a  mixture  of  the  solutions  of  burnt  coffee  and  caramel  in  alcohol 
diluted  with  its  own  volume  of  water,  and  are  found  not  to  vary  more 
than  .02  per  cent,  in  a  month.  They  are  renewed  generally  every 
three  or  four  weeks,  ofteuer  in  summer,  and  less  often  in  winter. 

Tests  showing  more  than  .44  per  cent,  carbon  are  made  by  dilut- 
ing to  half  strength  with  water,  and  comparing  with  standard  colors, 
doubling  the  readings  obtained.  Tests  showing  less  than  .16  per 
cent,  carbon  are  made  by  comparing  in  graduated  comparison-tubes, 
with  a  diluted  solution  of  steel,  the  percentage  of  carbon  in  which 
has  previously  been  determined  by  comparison  with  the  standard 
colors. 

I  prefer  using  one  gram  of  steel  for  the  tests  to  a  smaller  amount, 
as  the  error  from  dirt  in  the  drillings  and  from  careless  weighing  are 
rendered  less  in  effect.  On  account  of  the  length  of  the  tubes  in 
which  the  solution  takes  place,  and  their  being  stoppered  with  glass 
bulbs,  loss  from  evaporation  amounts  to  nothing,  and  the  filtering 
of  the  solutions  does  away  with  an  error  caused  by  fine  scale  in  sus- 
pension. 

Silicon  Determination. — The  method  is  essentially  that  of  Dr.  T. 
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M.  Drown,  though  the  sohition  is  made  at  once  in  a  mixture  of  1 
part  concentrated  sulphuric  acid,  and  4  parts  nitric  acid  (sp.  gr.  1.2) ; 
20  c.c.  of  this  mixture  suffice  for  the  sohition  of  1  gram  of  steel. 
The  watch-glass  is  allowed  to  remain  on  the  dish,  which  is  pushed 
on  to  a  hot  part  of  the  sand-bath,  where  the  solution  goes  down  to 
dryness  in  less  than  fifteen  minutes.  The  watch-glass  prevents  loss 
from  spattering,  and  by  so  doing  allows  the  solution  to  be  boiled 
down  in  less  time  than  it  could  be  brought  to  dryness  otherwise. 
Determinations  made  in  this  way  can  be  completed  in  less  than 
forty-five  minutes  with  the  use  of  the  filter-pump,  which  I  use  in  all 
filtrations. 

Sulphur  Determination. — The  method  used  for  sulphur  is  that  of 
A.  H.  Elliott.*  Five  grams  of  steel  are  dissolved  in  about  80  c.c. 
hydrochloric  acid  (1  in  2),  in  a  300-c.c.  flask.  The  evolved  gas  is 
led  through  a  solution  of  pure  caustic  soda  free  from  sulphides,  which 
absorbs  the  sulphuretted  hydrogen  as  sulphide  of  sodium.  About 
40  c.c.  of  the  caustic  soda  solution  (1  in  5)  are  used,  and  it  is  ar- 
ranged in  bottles  or  tubes,  in  such  a  way  that  the  gas  shall  bubble 
through  it  at  least  twice. 

The  steel  may  be  dissolved  quite  rapidly  without  fear  of  any  sul- 
phur passing  the  caustic  soda  unabsorbed.  The  solution  in  the  flask 
is  brought  to  boiling,  and  as  soon  as  the  steam  rises  to  the  stopper 
the  flame  is  taken  away,  and  air  is  aspirated  through  the  apparatus 
for  a  few  minutes.  The  caustic  soda  is  washed  out  into  a  500-c.c. 
beaker,  and  made  up  witii  cold  water  to  200  or  300  c.c.  It  is  then 
acidified  with  strong  hydrochloric  acid,  which  liberates  the  sul- 
phuretted hydrogen  retained  in  solution  by  the  large  excess  of 
liquid  present.  Starch  solution  is  added,  and  the  sulphuretted  hy- 
drogen titrated  with  a  standard  solution  of  iodine,  each  cubic  cen- 
timeter of  which  equals  about  .0005  gram  sulphur. 

If  much  sulphur  is  present  the  liquid  takes  on  at  first  a  reddish 
color,  due  to  the  finely-divided  separated  sulphur,  but  at  the  end  the 
blue  color  of  the  iodide  of  starch  comes  out  plainly,  and  the  titration 
may  be  stopped  accurately  with  the  last  drop. 

The  iodine  solution  is  made  by  dissolving  5  grams  of  iodine  with 
the  aid  of  7  grams  of  potassium  iodide  in  a  little  water,  and  diluting 
to  a  liter.  Its  strength  is  (bund  by  titrating  against  a  hyposulphite 
solution  of  known  strength.  The  latter  is  made  by  dissolving  25 
grams  of  hyposulphite  in  a  liter  of  water,  to  which  about  2  grams  of 


*  Chomical  News,  vol.  xxiii,  p.  (H. 
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ammonium  carbonate  are  added  to  prevent  the  sohition  from  chang- 
ing. The  strength  of  the  hyposul[)hite  sohition  once  ascertained,  it 
is  a  simple  matter  to  find  the  value  of  the  iodine  solution  at  any 
time.  The  hyposulphite  solution  may  also  be  standardized,  as  sug- 
gested by  Elliott,  by  means  of  a  solution  of  potassium  bichromate. 

The  hyposulphite  solution  prepared  as  described  may  be  relied 
upon  to  retain  its  strength  without  essential  change  for  several 
months  at  least;  and  the  iodine  solution  does  not  need  to  be  tested 
oftener  than  once  in  three  or  four  weeks  if  kept  ])roperly  stop- 
pered. The  testing  of  the  iodine  solution,  however,  need  not  take 
more  than  five  minutes. 

The  caustic  soda  used  for  absorbing  the  sulphuretted  hydrogen 
should  be  free  from  sulphide,  and  may  be  readily  tested  for  its  pres- 
ence by  acidifying  some  of  the  solution,  adding  starch  as  in  regular 
titration  for  sulphur,  and  then  adding  a  drop  or  two  of  the  iodine 
solution.  If  the  caustic  soda  is  free  from  sulphide,  the  blue  color 
should  be  formed  and  remain  after  the  addition  of  the  first  drop. 
There  is,  however,  very  little  difficulty  in  obtaining  caustic  soda 
which  will  stand  the  above  test. 

This  method  is  both  accurate  and  rapid,  and  very  satisfoctory  in 
use,  for  in  duplicate  determinations  it  invariably  gives  the  same  re- 
sults, agreeing  to  the  third  place  of  decimals.  I  have  compared  this 
method  with  one  described  by  Fresenius,*  which,  he  says,  agrees 
perfectly  with  the  acetate  of  lead  method.  It  consists  in  passing  the 
gas  evolved  from  the  solution  of  steel  in  hydrochloric  acid  through 
a  sufficient  quantity  of  a  solution  of  bromine  in  strong  hydrochloric 
acid.  This  solution  of  bromine  oxidizes  the  sulphur  completely  to 
sulphuric  acid.  The  bromine  is  subsequently  boiled  off,  and  the 
greater  part  of  the  hydrochloric  acid  evaporated,  the  residue  diluted 
with  hot  water,  and  the  sulphuric  acid  precipitated  by  barium  chlo- 
ride. I  obtained  the  following  results  in  comparing  the  two  methods : 

_        .  Elliott's  Iodine  Fresenius's  Bromine 

^''^'^P'*^-  Method.  Method. 

No.  1, 309Sulphur,  per  cent  .296  Sulphur,  per  cent. 

•2, 089         "  .091 

3 07U  "  .074 

4. 008         "  .007  " 

If  there  is  an  error  in  this  method  it  is  one  inherent  in  several 
methods  in  common  use,  and  that  is  a  slight  loss  due  to  the  sulphur 
which  remains  in  the  solution,  and  in  the  insoluble  residue  in  the 


*  Fresenius'.s  Zeitschrift,  vol.  xiii,  p.  37. 
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flask.  This  error,  however,  is  inconsiderable,  and  not  as  great  as 
is  likely  to  arise  from  impnrity  of  the  barium  sulphate  in  methods 
depending  on  the  precipitation  of  the  sulphur  by  barium  chloride. 
The  method  requires  very  little  attention  and  may  be  completed 
in  half  an  hour,  though  in  my  laboratory  it  generally  takes  about 
forty-five  minutes  to  carry  out  a  determination  from  beginning  to  end. 

Phosphorus  Determination. — 10  grams  of  steel  are  dissolved  in 
about  150  c.c.  of  nitric  acid  (sp.  gr.  1.2)  in  a  beaker  of  about  (SOO 
c.c.  capacity.  After  a  few  minutes  the  beaker  is  pushed  on  to  the 
hottest  part  of  the  sand-bath,  the  cover  taken  off,  and  the  solution 
boiled  down  to  dryness  in  less  than  an  hour.  The  beaker  is  kept  on 
the  sand-bath  for  about  a  half  hour  longer,  then  taken  off  and  cooled, 
and  sufficient  strong  hydrochloric  acid  added  to  dissolve  the  dry 
mass.  The  beaker  is  set  on  the  sand  bath  again,  heated  near  boiling 
for  a  few  minutes,  and  after  complete  solution,  diluted  with  two  or 
three  times  its  volume  of  cold  water.  The  acid  is  now  completely 
neutralized  with  strong  ammonia,  the  preci})itated  oxide  of  iron  dis- 
solved in  a  slight  excess  of  strong  nitric  acid,  and  about  80  c.c.  of 
rnolybdate  solution  added.  The  beaker  is  set  away  in  a  warm  place 
for  at  least  four  hours.  The  yellow  precipitate  is  caught  on  a  filter, 
washed  with  dilute  molybdate  solution  and  dissolved  in  ammonia 
(1  in  4).  A  small  beaker  is  set  under  tiie  funnel  containing  the 
precipitate,  some  dilute  ammonia  is  poured  on  to  the  filter  and  then 
a  hole  is  punched  through  the  j)ointof  the  filter  and  all  its  contents 
washed  into  the  beaker  by  means  of  more  dilute  ammonia  contained 
in  a  small  wash-flask.  Aslig-ht  excess  of  mao^nesia-mixture  is  then 
added,  and  the  beaker  set  away  for  two  hours  at  least.  The  precipi- 
tate is  then  caught  on  a  filter,  slightly  washed  with  dilute  ammonia, 
and  dissolved  in  hydrochloric  acid  (1  in  2),  the  solution  in  this  case 
filtering  through  the  paper  into  a  beaker  in  which  has  been  placed 
a  small  pinch  of  citric  acid.  The  filter  is  washed  two  or  three  times 
with  hot  water,  and  the  filtrate  neutralized  with  strong  ahimonia, 
and  then  one-third  of  its  volume  of  strong  ammonia  added.  The 
beaker  is  set  aside  for  at  least  four  hours,  and  eventually  the  precijii- 
tate  collected  on  a  filter,  wiiich  is  thrown  wet  into  a  weighed  platinum 
crucible,  in  which  it  is  ignited.  After  the  filter  is  burnt  the  precipi- 
tate is  treated  with  a  drop  or  two  of  nitric  acid,  which  leaves  the 
pyrophosphate  perfectly  white.  This  method  ntay  be  carried  out 
accurately  in  twenty-four  hours,  and  never  requires  more  tiian  thirty 
hours  for  its  com[)leti<)n. 

3I(tnf/anese  Determination. — The  manganese  method  is  essentially 
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tliat  described  by  Volhard,*  and  tested  by  Alexander  E.  Haswell.t 
I  use  the  method  in  the  following  way:  1.2  grams  of  steel  are  dis- 
solved in  a  porcelain  dish  with  25  c.c.  of  a  mixture  of  1  part  con- 
centrated sulphuric  acid,  and  4  parts  nitric  acid  (sp.  gr.  1.2).  Boil 
down,  with  the  cover  on  the  dish,  on  a  hot  place  on  the  sand-bath, 
and  heat  2  minutes,  while  white  fumes  of  sulphuric  acid  are  given 
off,  to  destroy  carbonaceous  matter.  Dissolve  in  a  little  hot  water, 
taking  care  not  to  leave  any  basic  sulphate  of  iron  undissolved.  Wash 
into  a  flask  graduated  to  hold  300  c.c,  and  add  to  the  solution  zinc 
oxide  held  in  suspension  in  water.  After  each  addition  of  the  zinc 
oxide  the  flask  is  shaken,  and  then  allowed  to  stand  a  few  seconds. 
As  soon  as  all  the  acid  has  been  neutralized  by  the  zinc  oxide, 
the  precipitate  settles  readily  and  leaves  a  supernatant  liquid  which 
is  not  at  all  cloudy.  The  iron  then  is  completely  precipitated  in  com- 
bination with  zinc  oxide,  and  all  the  manganese  remains  in  solution. 
After  cooling  the  flask,  which  during  the  neutralization  gets  some- 
what heated,  the  contents  are  diluted  with  cold  water  to  the  mark. 
The  liquid  is  then  thoroughly  mixed  by  pouring  from  the  flask  into 
a  beaker  and  back  again,  once  or  twice,  and  is  then  filtered  through 
a  ribbed  filter  into  a  dry  beaker.  200  c.c.  of  the  filtrate  are  drawn 
out  with  a  200  c.c.  pipette,  and  transferred  to  a  flask  holding  about 
400  or  500  c.c.  This  quantity  contains  two-thirds  of  the  manga- 
nese in  the  steel  taken  for  analysis.  The  result,  consequently,  is 
reckoned  on  .8000  gram  of  steel. 

The  liquid  is  now  ready  to  be  titrated  with  permanganate  of  pot- 
ash, the  reaction  which  takes  place  being  as  follows  : 

3MnO  +  Mn.p,  =  SMnO,. 

A  permanganate  solution  is  used,  each  cubic  centimeter  of  which 
precipitates  about  .0010  gram  of  manganese.  The  solution  in  the  flask 
is  heated  nearly  to  boiling,  taken  away  from  the  heat,  and  one  drop  of 
strong  nitric  acid,  or  two  drops  of  acid  of  1.2  sp.  gr.,  added.  Per- 
manganate is  then  run  into  the  flask  in  quantity  nearly  sufficient  to 
complete  the  precipitation  of  the  manganese.  The  flask  is  well 
shaken  for  a  few  seconds  to  facilitate  the  settling  of  the  precipitated 
MnOj,  which  collects  in  large  flocks  that  readily  sink  to  the  bottom. 
As  long  as  any  manganese  remains  unprecipitiited,  the  supernatant 
liquid  will  be  colorless.  As  the  titration  nears  the  end,  however, 
it  will  be  found  that  the  permanganate  does  not  lose  its  color  at  once. 


*  Liebig's  Annalen,  No.  198,  p.  318;  Fres^enius's  Zeitscbrift,  vol.  x.x,  p. '271. 
f  Dingler's  Polytechni>iches  Journal,  No.  285,  p.  387. 
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and  that  tlie  flask  has  to  be  shaken  a  little  longer  than  at  first  to  give 
time  for  the  reaction  to  take  place.  When  all  of  the  manganese  is 
precipitated,  and  a  drop  of  permanganate  remains  in  excess,  its  pink 
color  is  readily  seen,  and  remains  unchanged  in  the  liquid  for  some 
minutes.  If  too  much  time  has  been  taken  for  the  titration  and 
the  liquid  has  got  too  cool,  the  precipitated  MnOa  does  not  collect 
readily,  and  it  is  necessary  to  heat  the  flask  again,  nearly,  but  not 
quite,  to  boiling. 

The  drop  of  nitric  acid  added  before  beginning  the  titration  fii- 
cilitates  the  precipitation  and  collection  of  the  Mn02  in  case  there  is 
a  small  amount  of  organic  matter  present,  which  has  the  efPect  of 
producing  a  turbidity  which  renders  difficult  the  determination  of 
the  end-reaction.  One  drop  of  the  acid  obviates  this  difficulty,  but 
more  than  tw^o  or  three  drops  does  more  harm  than  good,  as  it  pro- 
longs the  reaction  to  such  an  extent  as  to  make  the  process  tedious 
and   uncertain. 

I  prefer  to  get  at  the  strength  of  the  permanganate  in  the  ordi- 
nary way,  by  standardizing  it  against  iron  wire.  When  its  strength 
in  terms  of  iron  is  multiplied  by  i^g,  its  strength  in  terms  of  man- 
ganese is  given. 

I  have  been  unable  to  obtain  commercial  zinc  oxide  which,  when 
treated  as  in  the  regular  course  of  the  analysis,  does  not  use  up  per- 
manganate. I  have,  accordingly,  bought  the  commercial  zinc-white, 
dissolved  it  in  nitric  acid,  or  hydrochloric  acid,  making  a  neutral  so- 
lution, added  bromine,  filtered  from  precipitated  MnO.^,  and  other 
impurities,  and  then  precipitated  the  zinc  oxide  with  ammonia,  sub- 
sequently washing  thoroughly  by  decantation  with  distilled  water. 
The  zinc  oxide  held  in  suspension  is  then  kept  in  wide-mouth  bottles 
for  use. 

Volhard  gives  figures  which  prove  the  accuracy  of  this  method, 
as  does  Haswell.  Their  results  show  that  it  is  as  accurate  for  high  as 
for  low  percentages  of  manganese. 

I  determined  manganese  by  the  acetate  and  phosphate  metiiod  in 
a  piece  of  steel,  the  mean  of  two  closely  agreeing  results  being  1.72 
per  cent.  By  Volhard's  method  I  obtained  from  the  same  drillings 
1.71,  1.69, 1.74.  Closer  agreement  than  this  in  repeated  determina- 
tions may  be  obtained  after  a  little  practice  with  the  method,  as  is 
shown  by  the  following  results  obtained  from  one  set  of  drillings: 
2.13,  2.13,  2.15,  2.13,  2.15,  2.10,  2.15. 

It  is  quite  necessary  that  the  carbonaceous  matter  in  the  solution 
of  steel  should  be  destroyed  by  heating  while  sulphuric  acid  fumes 
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are  given  off,  otherwise  the  results  obtained  will  be  too  high;  but 
the  above  method  of  treatment  obviates  this  difficulty  entirely. 

As  carried  out  in  my  laboratory  the  method  requires  about  forty- 
five  minutes  for  a  complete  determination.  Correct  results  have  been 
obtained  by  it  in  forty  minutes;  forty-five  minutes,  however,  is  am[)le 
time. 

Silicon  and  mano-anese  niav  sometimes  be  determined  advan- 
tageously  from  the  same  sample  of  steel,  the  filtrate  from  the  silica, 
before  washing  with  hydrochloric  acid,  being  used  for  the  manganese 
determination. 


THE  USE  OF  HIGH  EXPLOSIVES  IN  THE  BLAST  FUBNACE. 

BY   T.    r.    ATITnEREEE,    PORT   HENRY,    N.    Y. 

In  a  paper  read  at  the  Lake  Superior  meeting,  August,  1880,  an 
account  was  given  of  the  successful  use  of  Rendrock  and  Monaky 
powder  upon  a  scaffold  and  salamander  in  the  furnace.  On  April 
5th,  1881,  the  same  trouble  called  for  like  treatment,  which,  though 
not  so  immediately  successful,  was  on  the  whole  more  instructive 
than  the  first  trial,  and  points,  I  trust,  to  a  reasonably  sure  remedy 
for  all  such  difficulties.  Up  to  December  4th,  1880,  foundry  and 
mill  iron  were  made  from  Old  Bed  and  New  Bed  magnetite,  and 
Kearney  red  hematite,  when  a  return  was  made  to  Bessemer  iron, 
from  an  inferior  quality  of  New  Bed  ore  as  compared  with  that 
used  during  first  blast.  January  18th,  1881,  New  Bed,  Chateaugay, 
and  East-shaft,  a  newly-opened  Bessemer  deposit  of  Messrs.  With- 
erbee,  Sherman  &  Co.,  were  first  used,  and  continued  up  to  Februaiy 
13th,  on  a  fuel  charge  of  80  [)er  cent,  anthracite  and  20  per  cent, 
eoke,  the  product  on  the  three  ores  being  about  10  tons  more  per 
day  than  on  New  Bed  alone. 

From  this  time  until  March  11th  all  coal  was  used,  and  New  Bed, 
Chateaugay,  and  East-shaft  ores,  up  to  February  22d,  and  from  that 
date  Chateaugay  and  New  Bed,  the  product  falling  off  Oy^^  tons 
per  day  as  a  result  of  not  using  coke.  It  is  fair,  however,  to  state 
that  the  furnace  was  not  in  good  condition  during  this  period,  being 
over-burdened,  and  the  New  Bed  ore  was,  temporarily,  uncommonly 
poor,  for  reasons  of  no  particular  interest  here.  It  required  to 
properly  flux  it  at  least  140  per  cent,  of  limestone,  and  101  per 
cent,  was  actually  used.     March  11th,  all  Chateaugay  ore  and  30 
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per  cent,  coke  were  cluirged,  witli  the  effect  of  increasing  the  make 
26,'^g-  tons  per  day  up  to  the  time  our  trouble  began. 

Although  the  working  had  been  very  good  during  this  short  run 
of  twenty-one  days,  some  trouble  was  indicated  on  account  of  the 
peculiar  behavior  of  the  blast  pressure,  which  went  up  as  high  as 
14  or  15  [)ounds  as  a  result  of  a  stop  of  not  more  than  five  or  ten 
minutes  at  casting,  requiring  hours  of  hard  blowing  to  bring  it  down 
again  ;  while,  if  no  more  than  one  or  two  minutes  were  lost,  it  would 
start  off  normal — say,  10  pounds.  The  following  is  a  detailed  ac- 
count of  the  beginning  and  end  of  the  trouble : 

First  Day. — At  5  a.m.,  Tuesday,  April  5th,  9  beds  (15  tons)  of 
No.  2  iron  were  cast;  after  casting,  black  cinder  melted  fast  until 
9  A.M.,  when  a  slip  occurred  upon  checking  the  blast  to  stop  the 
cinder  notch.  All  the  gas  was  then  turned  on  to  the  stoves.  The 
usual  11  A.M.  cast  was  not  attempted,  as  the  quality  of  the  cinder 
indicated  that  no  iron  would  be  found.  At  5  P.M.  a  cast  was  made 
of  12  beds  (18  tons)  of  fair  No.  3  and  No.  4  iron.  Tuesday  night 
we  got  a  hole  tjirough  the  tuyere  breast  between  No.  1  and  No.  2 
tuyeres,  and  heaved  out  an  immense  amount  of  mushy  stock — coal, 
lime,  and  sticky  cinder. 

Second  Day. — Wednesday,  April  6th.  Took  out  south  cinder 
arch  and  heaved  out  the  same  material ;  also  worked  out  a  large 
hole  pointing  a  trifle  upwards,  clear  past  the  centre  of  the  crucible, 
and  about  level  with  the  tuyeres  at  its  inner  end,  in  the  best  possible 
location  to  re{)eat  the  experiment  of  a  heavy  blast,  as  before  de- 
scribed. The  fact  that  the  hole  pointed  upwards  made  tamping  more 
difficult,  so  extra  precautions  were  taken.  A  5-inch  pipe  with  an 
end  welded  in  was  packed  into  the  hole  with  damj)  clay,  and  then 
cooled  by  a  stream  of  water  injected  into  it.  The  cartridge  consisted 
of  a  piece  of  3|-inch  gas  pipe,  plugged  with  wood  at  each  end,  and 
loaded  with  1.3  ordinary  1^-inch  Rendrock  cartridges,  with  two 
lines  of  fuse  and  exploders  leading  out.  This  was  shoved  into  the 
5-inch  pipe,  tamped  or  sealed  with  a  ball  of  clay  and  fired  with  all 
possible  dispatch,  as  the  5-inch  case  was  red-hot.  It  failed  to  ex- 
plode, as  also  did  a  second  one,  and  from  this  cause  probably  came 
all  of  our  subsequent  trouble.  The  powder  was  then  tested  and 
found  worthless.  During  the  night  some  improvement  took  i)lace; 
good  runs  of  cinder  from  the  south  cinder  arch,  and  at  least  75  tons 
of  mushy  stock  blown  out,  until  it  was  banked  up  as  high  as  the 
tuyeres,  halfway  around  the  stack,  making  a  stop  necessary  to  clean 
up.  At  this  time  we  had  four  good  tuyeres  at  work.  Procured  a 
case  of  50  pounds  of  Atlas  powder. 
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Third  Day. — Thursday,  April  7th.  Discovered  hole  burned  in 
the  bustle  wind  pipe,  12  inches  wide  by  48  inches  long.  This  was 
mended  by  taking  out  the  9-inch  brick  lining  until  the  pipe  was 
sound  (about  5  feet)  and  forcing  a  car-wheel  into  each  end,  luting 
with  clay  between  the  flange  and  brick  lining;  these  were  held  apart 
by  a  IJ-inch  bar,  with  a  collar  at  one  end  and  nut  at  the  other. 
The  space  was  filled  in  with  loose  bricks  grouted  up  solid  with 
cement.  A  cast-iron  plate  was  also  bolted  up  into  the  bottom  to 
cover  the  burned  holes.  This  operation  took  sixteen  hours.  Upon 
startling,  three  tuyeres  were  found  open  and  the  hearth  solid  at  their 
level.  Nothing  could  be  tapped  out,  and  iron  soon  began  to  seal 
up  the  tuyeres.  In  one  hour  after  wind  went  on  Xo.  3  blowpipe 
burned  off,  and  upon  shutting  down  to  stop  it,  all  the  tuyeres  were 
filled  solid  with  white  iron.  Six  hours  drilling  failed  to  open  a  single 
one. 

Fourth  Day. — Friday,  April  8th.  Got  a  small  hole  through  No. 
4  tuyere,  but  could  not  maintain  it.  Also  put  in  a  small  leaky 
charcoal  tuyere,  marked  No.  8  on  the  drawing  (Fig.  1),  close  up 
under  the  mantel.  This  opened  into  live  stock  above  the  ob- 
struction, but  its  cinder  could  not  be  tapped  out.  It,  however,  gave 
some  gas  for  the  stoves,  and  in  that  respect  was  of  subsequent 
benefit.  The  north  cinder  arch  was  also  taken  out  this  day  and  a 
hole  \vorked  in  back  of  it  about  2  feet,  not  far  enough  to  allow  of 
much  execution  from  an  explosion.  However,  it  was  charged  with 
25  Atlas  cartridges,  the  heaviest  charge  yet  used.  Before  loading,  a 
test  ^vas  made  to  ascertain  the  danger,  by  putting  a  handful  of  pow- 
der into  a  dry  pine  box  similar  to  the  cartridge  case  to  be  used.  It 
remained  three  minutes  and  a  half  in  the  hole  before  it  ignited, 
showing  that  there  was  but  little  risk,  especially  as  the  real  cartridge 
case  was  wet  and  coated  over  with  blue  clay.  The  explosion  (at  5 
P.M.)  had  but  little  effect  on  the  salamander;  blew  off'  one  tuyere 
plate  and  racked  the  casing  outward  a  trifle.  It  disclosed  a  solid 
leathery  red-hot  mass,  containing  but  little  coal  and  much  lime. 
Men  were  at  once  set  to  drilling  to  get  a  hole  up  through  to  live 
stock.  By  hard  work  and  liberal  use  of  powder  some  progress  was 
made.  At  12  midniocht  a  hole  was  ffot  throuoh  to  No.  8  tuvere, 
and  a  good  fall  of  cinder  came  away.  Perhaps  the  greatest  benefit 
derived  from  this  tuyere  was  the  encouragement  it  gave  us  at  this 
particular  time.  It  was  tapped  several  times  before  morning,  and 
strong  hopes  were  entertained  that  it  might  be  induced  to  cut  down 
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to  No.  3  tuyere,  whicli  was  taken  out  and  much  drilling  done  to  o-et 
a  hole  through,  but  witiiout  success. 

Fifth  7)rt7/.— Saturday,  April  9th.  The  drift  or  shaft  up  through 
the  salamander  had  progressed  so  far  that  some  dust  and  gas  came 
through.  No.  9  breast  and  bronze  tuyere  was  put  at  work,  hopino- 
that  sufficient  wind  would  pass  in  to  open  it.  Blast  was  kept  on 
Nos.  8  and  9  until  Monday  morning,  none  going  through  the  latter. 
Considerable  cinder  was  got  away  from  No.  8,  and  in  the  meantime 
it  burned  out  and  was  replaced  by  another  leaky  one. 

Seventh  Day. — Monday,  April  11th.  No.  8  gradually  failed  daring 
preceding  night,  and  by  morning  could  not  be  cleared  of  cinder. 
At  10  A.M.  wind  was  taken  off  and  work  resumed  on  the  shaft.  A 
hole  was  finally  worked  in  that  would  take  a  case  of  8  cartridges, 
which  blew  a  hole  up  through  into  clean  dry  coal,  2  feet  square,  14 
feet  from  the  bottom  and  7  feet  above  the  tuyeres.  No.  9  was  reset 
and  wind  got  on  by  11.45.  A  break-out  occurred  at  12.15  p.m., 
and  at  12.30  cinder  began  to  run  from  south  cinder  arch — "foro>e" 
at  first,  but  soon  changing  to  "hot."  More  gas  came  through  than 
was  wanted.  In  two  hours  clean  coal  appeared  at  No.  9  tuyere. 
This  tuyere  was  tapped  out  at  the  bottom  of  the  north  cinder  arch. 
Eighth  Da?/.— Tuesday,  April  12th.  Nos.  4  and  5  tuyeres  were 
drilled  open.  Previous  to  this  the  iron  dam  plates  were  taken  down 
and  a  large  cavity  blasted  out  toward  No.  6  tuyere,  where  mostly 
coal  was  found. 

Ninth  Da^/.— Wednesday,  April  13th.  No.  9  tuyere  was  taken 
out  at  noon  and  No.  6  put  at  work  in  its  place ;  at  1  p.m.  got  wind 
into  No.  1  tuyere;  at  2  p.m.,  cast  3  beds  of  iron,  the  fii-st  in  ei2:ht 
days ;  3  p.m.,  reset  dam  plate  and  got  wind  into  No.  4  and  No.  5 
tuyeres. 

Tenth  Day. — Thursday,  April  14th.  Put  in  cinder  arches  and 
opened  No.  2  tuyere.  No.  3  was  opened  many  times,  but  did  not 
remain  permanently  open  until  over  two  weeks  had  passed.  The 
crucible  was  badly  banked  up  on  the  side  of  Nos.  2  and  3,  perhaps 
as  a  result  of  the  work  of  No.  8  tuyere,  which  could  only  be  drained 
by  the  hole  first  opened,  showing  a  ridge  between  it  and  the  opposite 
side.  At  this  time  the  trouble  was  fairly  over,  and  there  only  re- 
mained for  us  to  resume  the  regular  charges,  which  had  been  replaced 
by  fuel  and  cinder  only.  A  few  rounds  were  charged,  until  the  13th, 
when  three-fourths  of  the  ore  was  put  on  and  soon  increased  up  to 
the  usual  weight. 
vui,.  X. — 14 
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In  similar  cases  where  the  crucible  becomes  solidly  filled  with  a 
gummy  mass,  entirely  shutting  out  the  blast,  it  seems  to  me  that 
the  best  treatment  is :  1.  To  try  the  effect  of  a  heavy  explosion  near 
enough  to  the  centre  of  the  furnace  to  make  it  possible  to  break  a 
hole  up  through,  or  at  least  to  disrupt  the  mass  enough  to  permit 
the  blast  to  pass  through,  which  will  soon  melt  it  out.  The  reason 
I  recommend  this  plan  first  is  that  its  success  depends  almost 
wholly  upon  getting  a  hole  properly  located,  and  of  course  the  sooner 
this  is  begun  the  more  chances  for  accomplishing  it.  To  be  sure, 
raising  the  tuyeres  will,  once  in  a  while,  do  as  well,  but  that  is  often 
difficult,  and  sometimes  impossible,  owing  to  the  construction  of  the 
furnace. 

2.  Should  the  first  fail,  or  should  it  be  impossible  to  get  a  hole  in 
the  proper  location  early  enough,  then  there  remains  the  slower, 
though  probably  surer,  method  of  blasting  up  through  to  good  fuel. 
This  opinion  is  based  upon  the  fact  that  such  obstructions  are  sel- 
dom of  any  great  thickness.  Water  casings,  wrought-iron  bosh- 
casings  with  extra  tuyere  holes,  high  mantels  and  thin  walls  ought 
to  make  the  loss  of  a  furnace  of  rare  occurrence,  as  they  would 
permit  access  to  the  obstruction  in  the  shortest  possible  time.  The 
plan  of  melting  out  with  a  blowpipe,  successfully  used  at  the  Edgar 
Thomson  works,  is  not  overlooked,  but  its  details  are  not  known  by 
the  writer. 

In  loading  holes  overhead  it  was  found  sufficient  simply  to  hold 
or  prop  the  cartridge-box  in  the  hole,  usually  by  a  ^-inch  iron  rod 
serving  as  the  handle,  and  dispense  entirely  with  tamping.  Small 
drills,  say  1^^  inch,  work  the  best,  and  in  case  a  large  hole  is  required 
it  is  best  to  drill  two  or  three  close  together  and  break  out  the  core 
by  firing  light  charges  in  one. 

As  to  the  danger  to  life  or  property,  it  may  be  dismissed  as  of  no 
account,  providing  that  the  precautions  indicated  are  always  taken, 
and  the  loading  done  by  a  reasonably  cool-headed  person.  In  such 
trouble  as  that  described,  much  depends  upon  the  faithfulness  and 
energy  of  the  men,  and  I  cannot  too  highly  acknowledge  the  services 
of  my  two  keei>ers,  McDonald  and  Norton,  especially  the  latter. 

The  blast  at  this  furnace  terminated  July  2d,  1881 ;  the  materials 
were  then  shovelled  out.  Your  attention  is  called  to  the  drawing 
(Fig.  1),  where  the  heavy  solid  line  shows  the  lining  when  new,  and 
the  heavy  irregular  line  its  condition  after  three  years  and  a  half 
wear.     In  Vol.  IV,  p.  375,  of  the  Transactions,   I  condemned  the 
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bell  as  too  large,  proof  of  wliich  is  shown  by  the  destruction  of  the 
upper  part  of  the  lining,  but  the  most  conclusive  evidence  has 
been  its  general  working. 

In  July,  1879,  owing  to  a  strike,  this  furnace  chilled,  and,  in 
making  repairs,  the  brickwork  was  only  disturbed  about  3  feet  above 
and  3  feet  below  the  tuyeres,  as  shown  by  the  heavy  dotted  line  at 
A.  It  will  be  noticed  that  it  was  necessary  to  "step  out"  the  bricks 
under  the  tuyeres  in  order  to  get  even  16  inches  on  the  tuyere  breasts, 
and  that  a  quick  return  was  made  to  meet  the  old  brickwork, 
16  inches  thick  in  the  bosh-casing,  leaving  quite  an  abrupt  shoulder 
at  the  tuyeres. 

In  the  hearth  of  1878  alternate  tuyeres  were  projected  further  in 
(Nos.  1,  3,  and  5),  i.  e.,  there  were  two  tuyere  circles,  one  of  6  feet 
and  one  of  7  feet  3  inches  diameter.  (See  Fig.  2.)  Upon  hastily 
repairing  in  1879  all  long  tnyeres  were  used,  giving  a  6-foot  circle. 
Now,  in  view  of  what  was  found  in  cleaning  out,  I  would  like  the 
opinion  of  our  furnace  members  as  to  what  error  of  construction 
was  due  the  fact  that  the  wood  with  which  this  furnace  was  filled 
remained  on  the  boshes,  as  shown,  two  years !  Was  it  too  large  a 
bell,  giving  rise  to  the  formation  of  a  "  chimney,"  or  too  small  a 
tuyere  circle  (6  feet)  in  1879,  or  both?  The  lining  was  cut  to  its 
present  size  when  using  the  tuyere  plan  of  1878  (7  feet  3  inches 
circle),  which  is  about  the  diameter  of  the  bell  (7  feet  6  inches),  and 
it  would  seem  that  the  wood  escaped  mainly  for  the  reason  that  the 
tuyeres  projected  too  far  in. 

I  may  add  that  this  bell  worked  better  in  a  16-foot  bosh  than  in 
a  17,  which  I  am  inclined  to  think  is  reasonable  to  expect.  This 
wood  was  placed  around  next  to  the  lining,  to  protect  it  while  filling 
with  the  bell,  and  was  found  as  placed,  in  a  vertical  position,  strongly 
compacted  together,  but  by  no  means  crushed.  It  was  protected  by 
a  fine,  dusty,  carbonaceous  covering  (small  coal  and  coke  in  part), 
and,  as  found,  was  not  sealed  up  with  cinder,  though  this  had  flowed 
over  it  at  some  time,  as  the  cracks  in  the  charcoal  are  often  found 
filled  with  it.  In  thickness  it  was  about  12  inches,  located  as  shown 
on  drawing.  The  bosh  as  fi)rmed  by  it  and  its  covering  was  35 
feet  from  the  bottom,  at  which  point  the  bricks  were  first  found 
bare.  The  material  that  passed  through  this  wooden  bosh  amounted 
to  136,159  tons  of  coal,  coke,  ore,  and  stone,  in  two  years,  and  the 
best  work  done  by  the  furnace  was  during  this  period.  The  above 
would  seem  to  indicate  that  boshes  suffer  less  from  abrasion  than 
from  fusion  and  chemical  action. 
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To  complete  the  record,  I  append  a 

Memorandum  of  Filling. 


Date. 


Aug.  11th,  1879. 
Aug.  12tb , 


Aug.  14th,  tired  at  2.21  p.m. 
Aug.  1.5th 


Aug.  16th,  put  on  blast  at 
10.10  A.M. ;  first  cinder,  11 

P.M. 

Aug.  17th,  first  iron, 7.30  A.M. 


14  Cords.' 


full  to  hop 


c  « 
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«j 
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P  1. 
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a 

8 

10 

5 

156 

78 

750 

3 

222 

in 

1500 

3 

288 

144 

1500 

3 

354 

177 

1500 

3 

420 
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1500 

3 

486 

243 

1500 

3 

600 

300 

1500 

3 

688 

344 

1200 

3 

776 

388 

1200 

2 

864 

432 

1000 

1 

864 

432 

1000 

4 

952 

476 

900 

3 

1040 

520 

800 

3 

1128 

564 

700 

3 

1216 

608 

600 

3 

1304 

652 

500 

3 

1392 

696 

500 

3 

1448 

724 

500 

'206 

3 

1504 

752 

500 

400 

3 

1560 

780 

500 

600 

3 

1616 

808 

500 

800 

1 

1672 

836 

500 

1000 

per. 

6 

1672 

836 

1000 

6 

1728 

836 

1200 

7 

1784 

864 

1400 

8 

1840 

920 

1600 

40 

1840 

920 

1600 

8 

1896 

948 

1800 

150 
300 

450 
•  600 
750 
900 
1200 
1400 
1600 
1800 

1800 
2000 
2200 
2400 
2600 
2800 
3000 
3000 
3000 
3000 
3000 
3000 


3000 

3000 
3000 
3000 


3000 
3000 
3000 
3000 
3000 


3000 

3000 
1500 
1500 
1500 
1.500 
1500 


3000  '  1500 

3000  1500 

3000  j  1500 

3000  I  1500 

3000  i  1500 


3000 
3000 
3000 
30(10 
3000 
3000 
3000 
3000 
3000 
3000 


1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 


3000  1500 

3000  1  1500 

3000  '■  1500 

3000  1500 


3000  I  3000 
3000  i  3000 


1500 
1500 


*  A  layer  of  wood  was  placed  next  lining,  1}^  to  2  feet  thick,  about  half  the  height  of  furnace, 
to  protect  the  brickwork.  The  charges  (except  the  wood)  were  dropped  by  the  bell  instead  of 
lowered  by  tubs,  as  usual.  Iron  made  first  day,  20  tons,  mottled ;  iron  made  second  day,  8  tons.  No. 
2,  20}^  tons.  No.  3. 


THE  FLANNEE  T  BOILER-SETTING  FOB  THE  FBEVENTION 

OF  SMOKE. 

BY  CHAS.    A.    ASHBURNER,   PHILADELPHIA. 

The  appliances  which  have  been  proposed,  and  the  modifications 
in  the  construction  of  boiler-furnaces  which  have  been  made  for  the 
prevention  of  smoke,  and  the  utilization  of  what  are  ordinarily  called 
the  waste  products  of  combustion,  have  been  innumerable.f 

t  There  is  now  open  in  London  an  exliibition  "  of  apparatus  of  all  kinds  devised 
to  prevent  smoke." 
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wmt'^^y. 


I 

I 


f  rams.  Amer.  Imst.  Min.  Eng.    ToL  X. 


Witlierbee. 


Fig.  1.— Section  of  Cedar  Point  Fuifiaee. 
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The  Flanneiy  boiler-setting,  wliich  I  wish  briefly  to  describe  to 
the  members  of  the  Institute,  contains  probably  no  one  new  original 
device;  but  it  is  rather  a  new  combination  of  parts  which,  in  its 
practical  working,  effectually  prevents  smoke  from  being  thrown  off 
from  the  chimney,  and  utilizes  the  heat  units  contained  in  the  prod- 
ucts generally  lost.  The  quantity  of  fuel  required  to  produce  a 
given  result  is,  in  consequence,  reduced. 

As  early  as  1858  one  hundred  and  three  different  plans  of  boiler- 
furnaces  for  the  prevention  of  smoke  were  submitted  at  one  time  to 
the  Steam  Coal  Collieries'  Association,  Newcastle-upon-Tyne.  In 
a  report  upon  these  plans  made  by  Messrs.  Longridge,  Armstrong, 
and  Richardson,  the  furnaces  were  divided  into  seven  distinct  groups, 
according  to  the  principles  involved  in  their  construction.  The  plans 
which  have  been  proposed  since  1858  have  been,  in  most  cases,  more 
practical,  more  economical,  and  more  efficient  applications  of  the 
same  principles. 

The  products  of  the  combustion  of  bituminous  coal,  on  a  simple 
furnace  fire-grate,  are  generally  considered  to  be  steam,  carbonic  acid, 
carbonic  oxide,  and  soot.  Of  these,  the  first  two  are  incombustible, 
the  last  two  combustible.  To  these  four  products  may  be  added 
the  nitrogen  of  the  air. 

In  cases,  even,  where  the  draft  of  air  through  the  grate-bars  is 
not  excessive,  there  is  a  certain  amount  of  unconsumed  oxygen 
which  passes  through  the  boiler  flues  with  the  products  of  combus- 
tion. Absolutely  perfect  combustion  of  bituminous  coal  produces 
only  steam  and  carbonic  acid.  The  more  nearl}^  a  furnace  approaches 
this  result,  the  more  efficient  it  is  in  economizing  fuel  and  in  the  pre- 
vention of  smoke,  or,  more  strictly  speaking,  soot,  which  is  the  solid 
carbon  contained  in  smoke. 

The  economy  of  combustion  in  the  Flannery  furnace  lies  in  the 
fact  that  the  soot  and  carbonic  oxide  (which  pass  off  through  the 
chimney  of  an  ordinary  furnace)  are  almost  entirely  converted  into 
carbonic  acid  before  leaving  the  boiler  flues.  It  is  not  my  purpose 
to  claim  for  this  furnace  the  greatest  economy  of  construction  or 
duty,  or  even  to  make  comparisons  with  other  furnaces  or  boiler- 
settings  which  have  been  devised  to  accomplish  the  same  end,  but 
merely  to  describe  a  boiler-setting  which,  by  experience,  has  been 
found  to  be  practical  and  economical,  and  \vhi(!li  seems  to  accomplish 
all  that  the  designer  claims  for  it.  It  is  impossible  for  me  to  state 
in  precise  terms  the  value  of  the  increase  of  heat  obtained.  As  a 
rule,  ])ractical  results  differ  so  widely  from  theoretical  computations 
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that  they  can  best   be  made    after  the  detertuiuation   of  empirical 
values.     The  most  important  results  to  be  noted,  where  this  furnace 


is  now  in  use,  are :  The  total  absence  of  smoke,  though  a  dirty  and 
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higlily  bituminous  coal  is  used  ;  a  total  saving  of  about  33  per  cent, 
of  the  coal  required  in  an  ordinary  boiler-setting,  with  the  use  of  the 
same  boiler  and  engine;  and  a  great  saving  in  the  labor  required  to 
keep  the  flues  clean. 

The  front  portion  of  the  furnace  may  be  constructed  after  any  of 
the  ordinary  designs  which  are  applicable  to  a  plain  cylinder,  cylin- 
der-flue, cylinder-tubular,  or  the  other  general  forms  of  steam  boilers 
in  common  use.  The  boiler  which  is  illustrated  by  the  accompany- 
ing drawings  is  an  ordinary  cylinder-tubular  boiler  which  is  being 
erected  at  Beloit,  Wisconsin,  for  the  Rock  River  Paper  Company. 

The  most  important  points  to  be  noted  in  this  boiler  are:  The 
gas-flues  at  G  (Fig.  1),  where  the  temperature  of  the  products  is 
equalized;  the  secondary  grate,  A,  with  incandescent  coals  through 
which  the  products  are  passed,  and  the  air-ducts,  C,  above  this  grate, 
where  heated  air  is  introduced,  whereby  combustion  is  completed  in 
the  chamber  I. 

After  combustion  has  taken  place  at  the  front  grate,  N,  the  pro- 
ducts resulting  therefrom  pass  under  the  boiler  and  over  the 
bridge- wall,  M.  At  the  rear  end  of  what  is  called  the  combustion- 
flue,  and  a  short  distance  (about  1  foot)  back  of  the  end  of  the  boiler, 
the  gases  and  soot  are  deflected  by  a  firebrick  wall  downwards,  and 
caused  to  pass  through  25  circular  flues  in  the  lower  part  (Figs. 
4  and  5).  These  flues  are  3  inches  in  diameter,  and  1  foot  3  inches 
long.  In  the  furnace  which  has  been  working  for  some  time  at 
Akron,  Ohio,  there  is  but  one  large  opening  in  this  wall,  but 
the  substitution  of  a  number  of  smaller  flues  is  thought  to  be  a 
decided  improvement.  The  flues  are  cleaned  when  necessary  from 
the  ash-door,  E;  the  ashes  may  be  taken  out  from  the  door  E, 
or,  better,  from  the  door  H  (Fig.  1),  which  is  placed  for  this  pur- 
pose.    In  practice  the  flues  do  not  become  coated  with  soot. 

After  going  through  these  flues  the  products  pass  up  through  the 
water-grate  A,  which  is  covered  with  incandescent  coal.  The  fuel 
here  may  consist  of  wood  or  anthracite  coal,  or,  better  still,  coke. 
The  grate  is  surrounded  by  a  firebrick  wall  perforated  by  holes,  B, 
which  lead  into  an  air-duct  opening  at  the  doors  B'  (Fig.  2).  This 
air-duct  is  only  used  in  kindling,  or  when  the  fire  on  the  secondary 
grate  becomes  dead.  In  cases  where  limestone  water  is  onlv  to  be 
had,  a  tile  grate  is  employed  instead  of  a  water  grate  (see  Fig.  5). 
The  latter  is,  however,  adjustable,  and  can  be  readily  replaced  when 
the  i)ij)es  become  coated  with  lime  or  i)urnt.     Immediately  above 
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the  surface  of  the  incandescent  fuel  there  is  a  second  air-duct,  C,  C, 
which  is  similar  to  the  first,  and  which  admits  of  the  constant  in- 
flux of  air.     The  air  is  heated  before  entering  the  furnace  by  a  free 


[ii=> 


circulation  around  the  wall  confining  the  incandescent  coals.     The 
charging  door  for  this  grate  is  at  F;  I  is  the  combustion-chamber, 
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from  which  the  ultimate  products  pass  through  the  boiler-flues  and 
are  carried  off  by  the  chimney  at  the  front  end  of  the  boiler. 


lO 


The  products  of  combustion  which  come  from  the  front  grate  and 
enter  the  restoring  flues,  G,  are  a  mixture  of  carbonic  acid,  carbonic 
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oxide,  air,  soot,  and  steam.*  In  substitutin(y  a  number  of  flues  for 
one  large  one,  a  greater  surface  is  gained,  and  the  gases  are  more 
homogeneously  heated.  Of  course  these  flues  cannot  give  out  any 
more  heat  than  they  absorb  from  the  heated  products  as  they  come 
from  the  first  grate.  As  the  heat  of  these  products  is  variable,  due 
to  firing  and  other  causes,  the  heat  of  the  flues  will  be  an  average  of 
the  heat  of  the  products,  and  the  gases  as  they  enter  the  ash-pit  of 
the  second  grate  will  have  a  more  uniform  heat  than  before  entering; 
the  flues.  When  these  products  enter  the  incandescent  coal  on  the 
second  grate  the  carbonic  acid  unites  with  a  portioji  of  the  carbon  of 
the  fuel  and  forms  carbonic  oxide.  This  is  a  direct  loss  of  heat 
units. t  The  heat,  however,  is  regained  by  the  carbonic  oxide  thus 
formed  uniting  with  the  oxygen  of  the  air  introduced  through  the 
ducts  C,  C,  and  carbonic  acid  results.  The  carbonic  oxide  which 
comes  from  the  front  grate  is  raised  above  the  point  of  ignition  by 
the  incandescent  fuel  and  unites  with  the  oxygen  of  the  introduced 
air  and  forms  carbonic  acid.  The  excess  of  atmospheric  air  enters 
the  coals  on  the  second  grate  and  undergoes  the  same  conversion  as 
that  which  took  place  with  the  air  entering  the  first  grate.  The  par- 
ticles of  carbon,  forming  the  soot  from  the  first  grate,  are  raised  to 
incandescence  and,  uniting  with  the  air  from  the  ducts  C,  C,  form 
carbonic  acid.  The  steam  is  decomposed  in  passing  through  the  coals 
on  the  second  grate,  the  oxygen  uniting  with  the  carbon  forming  car- 
bonic oxide,  which  is  afterwards  converted  into  carbonic  acid  above 
the  surface  of  the  coals.  The  liberated  hydrogen  unites  with  the 
oxygen  of  the  air  introduced  through  the  ducts  C,  C,  and  again 
forms  water.  The  ultimate  products  resulting  from  combustion  in 
the  Flannery  furnace  are,  thus,  carbonic  acid,  steam,  and  a  small 
amount  of  carbonic  oxide,J  but  no  soot. 

A  number  of  the  Flannery  furnace-settings  have  been  constructed, 
and  after  a  trial  extending  over  several  months  have  produced  more 
than  anticipated  results,  in  economizing  fuel,  in  the  consumption  of 
soot  and  consequent  prevention  of  smoke,  and  in  a  reduction  in  the 
labor,  especially  in  that  required  to  clean  the  flues. 


*  Nitrogen  is  not  oon^^idered,  as  it  does  not  directly  affect  combustion. 

f  One  pound  of  carbon  in  burning  to  carbonic  acid  gives  out  14,500  heat  units, 
one  unit  being  the  amount  of  heat  required  to  raise  one  pound  of  water  from 
39°  to  40°  Fahrenheit.  The  same  amount  of  carbon  in  burning  to  carbonic  oxide 
gives  out  4400  units. 

I  If  the  furnace  is  properly  fired,  and  the  draft  properly  regulated,  all  the  car- 
bonic oxide  should  be  converted  into  carbonic  acid  in  the  combustion-chamber  I. 
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At  tlie  Akron  water-works,  recently  constructed,  two  tubular 
boilers,  6  by  18  feet,  with  64  4-inch  flues  each,  have  been  set  on  the 
Flannery  system.  Two  Worthington  pumps  have  been  erected,  one 
a  compound  high  pressure,  the  other  a  compound  condensing.  Up 
to  the  present  time  the  high  pressure  pump  and  one  boiler  have  alone 
been  in  service.  The  facts  which  have  been  noted  in  regard  to  the 
efficiency  of  the  furnace  have  been  very  general,  but  they  are  such 
as  to  indicate  its  economy.  The  furnace  has  been  fired  day  and 
night,  for  eleven  days,  with  14  tons  of  a  dirty,  bituminous  slack 
coal,  which  is  mined  in  the  vicinity  of  Akron,  and  sold  at  the  works 
for  $1.00  per  ton.  On  the  second  grate  Connellsville  coke  has  been 
used,  costing  $6.00  per  ton.  For  every  ton  of  coal  burned  300 
pounds  of  coke  have  been  used,  the  coke  costing  $0.90  per  ton  of 
coal  consumed.     The  total  cost  of  fuel  for  eleven  days  was  $26.60. 

The  reservoir  attached  to  the  works  is  210  feet  above  the  pumps, 
and  2700  feet  distant.  The  consumption  of  water  has  been  about 
1,000,000  gallons  a  day.  To  do  the  same  work  the  boiler  with  the 
usual  setting  would  have  required  at  least  35  tons  of  coal,  at  a  cost 
of  $35.00. 

The  averao;e  saving;  which  would  result  in  most  cases  from  the  use 
of  the  Flannery  furnace,  would  undoubtedly  be  greater  than  that 
shown  at  Akron,  where  the  coal  used  is  very  poor,  and  the  cost  ex- 
ceptionally low.  At  Akron  local  conditions  made  it  necessary  to 
return  the  gases  from  the  smoke-arch  to  the  rear  of  the  boiler  where 
the  chimney  stands,  through  a  flue  40  inches  square  and  27  feet 
long.  This  is  considered  to  be  a  disadvantage.  I  am  informed  by 
the  superintendent  of  the  works  that  the  labor  required  to  run  this 
boiler  is  one-half  of  that  which  is  ordinarily  required  with  the  usual 
setting. 

The  advantages  M'hich  are  claimed  for  this  boiler-setting  are: 
Economy  of  fuel  and  prevention  of  smoke;  economy  of  labor ;  more 
even  action  of  the  boiler  and  its  longer  continuance  in  service,  due 
to  the  small  amount  of  de[)osits  in  the  flues. 

The  system  is  particularly  applicable  in  the  setting  of  boilers 
where  continuous  service  is  required,  where  the  cost  of  fuel  is  great, 
where  the  space  occupied  by  fuel  is  valuable,  or  where  the  produc- 
tion of  smoke  is  objectionable. 
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TEST  SUPPORT  FOR   THE  ENGLISH   CVPELLATION 
FURNACE. 


BY  F.  (9.   BLAKE,  MANSFIELD  VALLEY,  PA. 

The  test  of  the  English  caipellation  furnace  should  be  so  sup- 
ported that  the  cu|)eller  can  change  readily  the  elevation  of  the  test, 
and  at  the  same  time  watch  the  litharge  channel.  It  is  also  import- 
ant to  raise  or  lower  either  side,  independently  of  the  other,  in  case 
of  uneven  wear  of  the  side  walls  or  of  the  breast.  If  the  refined 
silver  is  poured  from  the  test,  it  is  much  better  to  control  the  lower- 
ing of  the  test  J'rom  the  front  than  to  raise  the  back  by  screws  or 
a  lever.  In  order  to  enable  the  cupeller  to  manipulate  the  test  with 
one  hand,  when   the  litharge  is  running,  and   to  pour  the  refined 


^^ 


Fig.2. 


a  Piilley  Block 

b  Turn  Bolts 

c  Support  Bars 

d  Suck  Screws 

e  Test  Piute 


Fig.l. 


Scale  of  Feet 


silver  from  the  test  without  aid,  I  have  altered  the  common  support 
to  the  test,  as  shown  in  the  accompanying  drawing. 

The  common  method  of  supporting  the  test  is  by  four  screws,  work- 
ing in  cross-bar  nuts  beneath  the  test.  The  points  of  the  screv/s  set 
into  the  test  plate  upon  which  the  test  rests.  These  screws  are  usually 
worked  by  pounding  or  pulling  upon  the  heads,  which  may  be  either 
small  pulleys  or  straight  bars,  as  shown  on  the  back  screws  in  the 
drawing.    The  screws  are  also  worked  by  turning  a  crank,  which  is 
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connected  by  gearing  to  the  heads  of  the  screws.  The  test  is  some- 
times supported  upon  wedges,  but  wedges  are  difficult  to  manage 
quickly  if  considerable  change  in  elevation  is  to  be  made. 

The  altered  form  of  support  is  shown  in  Fig.  1.  Square  bars  are 
clamped  to  the  under  side  of  the  test-plate,  shown  in  Fig.  2.  These 
bars  extend  a  short  distance  in  front  of  the  furnace,  and  are  bent  out- 
ward, in  order  that  the  turn-bolts  above  may  not  interfere  with  the 
test  front  door.  The  back  part  of  the  test-plate  rests,  as  usual,  upon 
two  screws.  The  front  support-bars  are  connected  by  turn-bolts  and 
a  cross-piece  to  a  Harrington  pulley -block,  hung  from  the  girder 
above.  It  will  be  seen  that  the  elevation  of  the  front  of  the  test  can 
be  readily  changed  by  the  working  of  the  pulley  hand-chain,  which 
can  be  easily  done  with  one  hand. 

The  turn-bolts,  working  with  the  back  screws,  allow  a  change  to  be 
made  in  the  elevation  of  the  sides.  Ordinarily  they  are  not  often 
used.  The  front  of  the  test  can  be  lowered  by  the  cupel ler  in  front 
sufficiently  to  allow  the  test  to  run  clean  of  silver  or  rich  silver-lead 
without  the  use  of  a  lever  at  the  back.  The  principal  advantages  in 
this  method  of  supporting  are  as  follows : 

1.  The  test  can  be  raised  or  lowered  quickly  and  evenly. 

2.  When  changing  the  elevation  of  the  front  the  cupeller  can  al- 
ways watch  the  litharge  channel. 

3.  The  test  is  controlled  from  the  front  when  silver  or  rich  silver- 
lead  is  poured. 


.  THE  BINDING  OF  INWALLS  OF  BLAST  FURNACES. 

BY   S.   H.    CHAUVENET,    C.E.,    HARRISBCJRG,   PA. 

The  binding  of  the  boshes  and  inwalls  of  blast  furnaces  has  always 
been  an  expensive  piece  of  work.  When  the  old  stone  stack  was  re- 
placed by  the  iron  shell,  the  brickwork  was  kept  at  a  thickness  of 
five  feet  or  more.  These  five-foot  walls  were  still  too  thick,  and  the 
practice  now  is  to  have  as  thin  walls  as  possible  and  to  have  a  free 
circulation  of  air  about  the  brickwork  of  the  furnace.  The  "  bas- 
ket," or  lattice-work  binding,  accomplishes  this  object,  but  it  is  ex- 
pensive, as  to  first  cost,  and,  if  any  change  in  the  diameter  of  a  fur- 
nace has  to  be  made,  it  necessitates  an  alteration  of  the  binding  or 
of  the  thickness  of  the  walls. 
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In  the  year  1S79  I  had  occasion  to  alter  a  furnace,  built  as  shown 
in  Fig.  1,  to  the  shape  shown  in  Fig.  2.  The  walls  were  reduced 
from  sixty  to  thirty-two  inches  in  thickness,  leaving  a  space  between 
the  lower  part  of  the  inwall  and  the  outside  of  the  bosh.  That  part 
of  the  bosh  below  the  mantle  was  bound  with  T  rails;  but,  above  the 


s- 


Fig.  I. 


Fig.    2. 


mantle,  brick  piers,  E,  E,  were  built,  twelve  inches  in  thickness  and 
three  or  four  feet  apart, — similar  to  those  shown  in  Fig.  4, — having 
the  mantle  for  a  base,  and  filling  the  space  between  the  bosh  and 
the  inwall.  The  space  between  the  shell  and  the  inwall  on  this  fur- 
nace was  filled  with  broken  blast-furnace  slag.  Of  course  this  style 
of  binding  for  the  bosh  would  only  be  applicable  to  furnaces  with 
low  columns. 
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A  furnace  with  high  columns  and  the  inwall  bound  with  brick 
piers  is  shown  in  Fig.  3.  The  piers  are  four  and  a  half  or  five  feet 
from  centre  to  centre,  as  shown  in  the  section  C  D,  Fig.  4,  and  be- 
tween each  "two  piers  a  hole,  twelve  or  eighteen  inches  in  diameter,  is 


Fig- 3 


cut  in  the  shell,  just  above  the  mantle.  There  is  a  corresponding  liole 
just  under  the  tunnel-head  plates.  This  makes  the  space  between 
the  inwall  and  the  shell  a  flue  through  which  cold  air  is  drawn.  Any 
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gas  escaping  through  the  brickwork  is  carried  oif,  and,  should  a  bad 
leak  occur,  a  man  can  be  lowered  to  it  after  the  removal  of  one  of 
the  tunnel-head   plates.     The  piers  are   built  of  red  brick  laid  in 


Section  at  C  D. 

mortar,  and  a  space  is  left  between  the  back  of  the  pier  and  the  shell 
for  expansion,  varying  in  width  with  the  fire-brick  used  and  the  size 
of  the  furnace.  The  piers  are  stiffened  laterally  by  circular  iron 
bands  built  into  them  at  two  or  three  points. 
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ANNUAL  MEETING.  WASHINGTON,  D.  0. 

FEBRUARY,  ISSg, 


VilL.  X.  — 15 


LOCAL    COMMITTEE    OF    ARRANGEMENTS. 


Major  J.  W-  Powell,  Chab-ynnn;  F.  P.  Diiwoy .  Ser7-etn7y ;  S.  F.  Emmons,  A.  S. 
Hewitt,  J.  E.  HilgarJ,  Charles  Knap,  and  F.  W.  Taylor. 

The  opening  session  was  held  in  tlie  hall  of  the  new  National 
Museum,  on  Tuesday  evening,  February  21st.  President  Metcalf 
introduced  General  W,  T.  Sherman,  one  of  the  Regents  of  the 
Smithsonian  Institution,  who  read  the  following  address: 


ADDRESS   OF   GENERAL   SHERMAN. 

Mr.  President  and  Gentlemen  :  I  have  been  invited  to  meet 
you  here  this  evening  to  extend  to  you  the  cordial  greeting  of  the 
regents  of  the  Smithsonian  Institution,  and  to  assure  you  that  they 
are  most  happy  to  have  it  in  their  power  to  place  at  your  disposal 
this  beautiful  hall,  dedicated  to  science  and  art. 

This  National  Museum  is  the  property  of  the  United  States,  of 
which  the  regents  of  the  Smithsonian  are  simply  the  custodians,  and 
the  board  has  delegated  to  its  secretary,  Professor  Baird,  the  right 
to  extend  its  use  to  the  National  Academy  of  Sciences  and  like  kin- 
dred societies,  among  which  we  are  glad  to  class  the  Institute  of 
Mining  Engineers.  It  is  eminently  fit  that  you  should  meet  here 
at  this,  the  nation's  capital,  under  a  roof  partly  your  own,  devoted 
to  natural  sciences,  and  in  the  shadow  of  the  Smithsonian,  founded 
for  the  exclusive  purpose  of  collecting  and  diffusing  knowledge 
among  men. 

Of  all  the  workers  employed  on  earth  no  single  class  seem  to  me 
more  worthy  the  respect  of  their  fellows  than  those  who  seek  be- 
neath the  surface  for  the  useful  minerals  and  metals  which  contribute 
so  largely  to  the  wealth  and  comfort  of  mankind.  In  no  branch  of 
human  industry  does  intelligence  come  so  immediately  in  contact 
with  labor.  To  the  mining  engineer  chemistry,  mineralogy,  and 
geology  are  as  reading,  writing,  and  arithmetic  to   the   merchant; 


L 


228 


PROCEEDINGS   OF    THE   ANNUAL   MEETING. 


and  algebra,  trigonometry,  and  geograpliy  to  the  navigator.  There 
is  no  business  or  profession  where  ignorance  is  so  fatal,  or  mistakes 
more  disastrous.  No  single  interest  has  done  more  to  build  up  our 
present  empire,  and,  in  my  opinion,  on  no  other  single  interest  except 
agriculture  does  the  future  grandeur  and  stability  of  our  country 
more  depend  than  on  its  mines  and  mineral  wealth. 

I  do  not  mean  to  tire  you  with  figures  or  statistics  with  which 
you  are  doubtless  more  familiar  than  I  am,  but  I  cannot  refrain 
from  giving  a  very  few  out  of  the  great  mass  which  have  been  se- 
lected by  those  engaged  in  compiling  the  late  census  of  1880. 


A^THRACITE  Coal. 

Product  for  year  ending  June  1st,  1880,  . 
Value  of  product,  ..... 
Total  capital,  real  and  personal, 

Number  of  men  emplo\'ed  above  ground. 
Number  of  men  employed  under  ground, 
Number  of  boys,  under  16,  above  ground, 
Number  of  boys,  under  16,  under  ground, 

Total  employes, 


27,433,329  tons. 
$40,331,981 
$150,161,196 

15,564 

36,952 

11,921 

3,802 


68,289 


Bituminous  Coal. 


East  of  100°  Meridian. 

Product  for  year  ending  June  1st,  1880,  . 
Value  of  product  delivered, 
Total  capital,  real  and  personal, 

Number  of  men  employed  above  ground, 
Number  of  men  employed  under  ground, 
Number  of  boys,  under  16,  above  ground. 
Number  of  boys,  under  16,  under  ground, 

Total  employes, 


40,311,459  tons. 

$49,044,498 

$89,999,101 

13,842 

76,512 

755 

5,366 

96,475 


West  of  100°  Meridian. 

Product  for  year  ending  June  1st,  1880,    . 
Value  of  product  at  mines. 
Total  capital,  real  and  personal. 

Number  of  men  emploj'ed  above  ground, 
Number  of  men  employed  under  ground, 
Number  of  boys  employed  above  ground, 
Number  of  boys  employed  under  ground. 

Total  employes, 


1,477,736  tons. 

$3,272,470 

$8,479,573 

621 
2,812 


3,441 
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Iron  Cue. 

Product  for  year  ending  June  Ipt,  1880 
Value  of  product,        .... 
Total  capital,  real  and  personal, 

Men  emploj'ed  above  ground,  . 
Men  employed  under  ground,  . 
Boys,  under  16,  above  ground, 
Boys,  under  16,  under  ground. 

Total  emploj-es, 


7,971,706  tons. 
$23,167,007 

$61,782,287 

16,345 

13,735 

.    .        1,339 

249 

31,668 


Copper. 

Product  for  year  ending  June  Ist,  1880, 
Value  of  product,       .... 
Total  capital,  real  and  personal, 

Men  employed  above  ground,  . 
Men  employed  under  ground,  . 
Boys  employed  above  ground,  . 
Boys  employed  under  ground. 

Total  employes. 


50,665,140  lbs. 
$8,842,961 
$31,675,096 

2,755 

3,069 

202 

90 

6,116 


Of  copper,  the  Lake  Superior  region  furnishes  90  per  cent,  of  all, 
and  yields  pure  copper  enough  to  cover  25f  acres  with  a  sheet  one 
inch  thick. 

The  amount  of  gold  produced  in  the  census  year  1880  was 
$33,379,663.  The  amount  of  silver  is  reported  as  $41,110,957, 
making  the  aggregate  of  the  precious  metals,  used  as  coin  the  world 
over,  §74,490,620. 

These  figures  are  official  ;  they  do  not  exaggerate,  but  fall  short 
of  the  whole  truth.  They  exhibit  the  net  products  of  some  of  our 
mines.  When  we  follow  the  metals  in  their  development  for  the 
uses  of  civilized  men,  when  we  remember  that  it  takes  2  tons  of 
iron  ore  and  from  2  to  2|  tons  of  coal  to  make  a  ton  of  pig-iron, 
worth  from  $20  to  $26,  that  by  further  manipulation  this  same  ton 
becomes  worth  §40  to  $60  for  railroads,  from  $60  to  $100  for  me- 
chanical uses,  from  $2000  to  $4000  a  ton  in  the  shape  of  needles,  and 
that  for  watch-springs  this  value  becomes  81,000,000,  there  is  opened 
the  question  of  manufactures  not  pertinent  to  this  occasion;  but 
you,  the  mining  engineers,  give  the  initiative  to  this  most  important 
subject,  you  delve  into  the  earth  and  reach  the  fountain  source  of 
this  stream  of  vital  industry.  I,  myself,  was  in  the  New  Almaden 
quicksilver  mines  of  California  as  early  as  1847,  and  saw  the  Indian 
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miners  with  pick  and  crow-bar  collect  the  beautiful  mineral,  load  it 
into  raw-hide  sacks,  pack  it  on  their  backs,  and  run  like  rats  up 
notched  poles  to  the  mouth  of  the  mine,  whence  it  was  hauled  in 
ox-wagons  to  the  furnaces  in  the  valley  below. 

I  saw  the  first  specimens  of  gold  found  in  Sutter's  famous  mill- 
race,  and  witnessed  all  the  changes  from  the  common  tin-pan  to  the 
cradle,  the  long-tom,  the  hydraulics,  the  arrastre,  and  the  hundred- 
stamp  mill,  roaring  like  the  anvils  of  the  Gods,  with  flumes  30  miles 
long,  to  bring  the  water  needed  to  separate  the  metal  from  its 
matrix. 

I  have  been  down  in  the  copper  mines  of  Lake  Superior,  with 
their  oscillating  engines  and  inclined  railways  leading  to  the  deepest 
pits,  where  the  highest  science  and  ingenuity  of  man  have  reduced 
the  necessary  labor  to  the  minimum,  and  produced  that  beautiful 
and  most  useful  metal  at  little  over  16  cents  a  pound. 

I  have  also  seen  Mr.  Hill's  reverberatory  furnace  at  Blackhawk, 
Colorado,  with  its  roaring  flames  under  the  hot  blast,  melting  down 
rock  to  a  fluid,  the  useless  slag  successively  skimmed  off  till  the 
precious  metals  remain  below,  and  are  drawn  off  into  the  compara- 
tively small  matte.  This  again  is  reduced  to  a  fine  black  powder 
as  unlike  silver  as  a  pot  of  lamp-black  ;  yet  chemical  affinities 
draw  out  the  pure  crystals  of  beautiful  silver,  and  a  further  process 
eliminates  the  gold,  and  leaves  still  a  valuable  residue  of  lead, 
copper,  and  iron. 

I  have  been  down  in  the  deep  mines  of  Nevada  where  the  ter- 
restrial heat  suggests  a  hotter  place;  where  steam-elevators  bring 
up  the  mineral,  and  steam-pumps  deliver  an  abundance  of  hot  water 
to  supply  the  rotaries ;  and  I  have  seen  coal  and  iron  mines  of  every 
conceivable  kind  in  all  quarters  of  our  country,  so  that  I  have  had 
some  experience,  and  can  bear  willing  testimony  to  the  industry,  the 
skill,  and  ingenuity  of  our  mining  engineers  everywhere. 

The  sinking  of  shafts,  the  running  of  galleries,  the  disposal  of 
waste  material,  the  guarding  against  water  and  rock-slides,  the  pre- 
vention of  fatal  gases,  all  combine  to  make  your  life  a  continual 
warfare  with  nature,  and  call  for  a  courage  equal  to  that  of  the  sol- 
dier in  battle;  but  as  the  soldier  will  follow  his  leader  to  the  death 
when  convinced  of  his  skill,  so  will  the  miner  penetrate  the  earth 
to  its  inmost  recesses  if  convinced  of  the  skill  of  his  engineer.  This 
is  a  great  and  sacred  trust,  for  which  you  should  be  fully  prepared 
by  previous  study,  reflection,  and  experience.  I  am  confident  that 
you  will  prove  equal  to  every  change  and  emergency  which  may 
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arise,  and  your  meeting  here  is  most  auspicious,  if  by  comparing 
your  personal  experiences  you  can  make  the  occupation  of  the  miner 
more  safe  and  more  profitable  than  it  has  heretofore  been. 

There  is  in  the  business  world  as  much  friction  as  in  mechanics. 
A  constant  vital  mental  force  is  ever  necessary  to  overcome  old 
habits  and  methods  to  which  the  miner  clings  with  as  much  tenacity 
as  any  other  class.  But  we  know  that  change  is  written  in  broad 
characters  across  the  face  of  nature.  True,  to-day  is  as  yesterday, 
and  the  coming  spring  will  bring  forth  its  flowers  as  in  the  past,  but 
there  was  no  steam-engine  at  the  beginning  of  this  ceutury;  the 
photograph  and  telegraph  were  unknown  fifty  years  ago;  within 
twenty  years  have  been  added  to  the  stock  of  human  knowledge  the 
telephone  and  electric  light,  and  these  things  are  now  as  essential  to 
human  life  as  food  and  clothing.  We  know  not  what  new  inven- 
tions are  yet  to  be,  but  we  do  know  that  the  man  who  holds  back 
too  long  and  clings  to  the  familiar  knowledge  of  the  past,  refusing 
new  knowledge,  will  be  left  behind  in  the  great  race  of  life.  He 
will  be  as  the  passenger  of  the  old  stage-coach,  left  in  a  mud-hole, 
whilst  his  neighbor  will  be  hurled  along  at  the  rate  of  30  miles  an 
hour  in  the  modern  steam-car.  So  the  mining  engineer  must  keep 
pace  with  the  mechanical  arts  ;  must  utilize  every  new  and  approved 
contrivance  to  diminish  human  labor  and  increase  net  profits,  else 
he  will  lag  behind  and  see  his  neighbor  prosper.  In  Egypt  you 
can  find  to-day  the  same  old  wells  and  pumps  worked  by  camels 
and  asses  as  were  there  in  the  days  of  Moses;  and  in  Mexico  you 
will  find  women  down  on  their  knees  grinding  corn  with  the  matate, 
and  the  old  arrastre  going  round  and  round  with  its  mule;  whilst  in 
the  most  inaccessible  corners  of  California,  Nevada,  and  Arizona 
the  cough  of  the  steam-engine  is  heard,  and  the  thunder  of  the  stamp- 
mill  shakes  the  earth.  It  is  not  for  us  to  say  which  system  jiroduees 
the  largest  measure  of  human  happiness.  It  suffices  for  us  to  know 
that  we  prefer  the  latter,  and  mean  to  reduce  mining  to  an  absolute 
science,  yielding  the  largest  profits,  and  increasing  the  comfort  and 
safety  of  the  miner  to  equal  those  of  the  farmer. 

The  Smithsonian  accepts  the  past,  and  only  deals  with  new  knowl- 
edge,— the  "  increment," — so  that  when  you  are  down  in  the  fissures 
of  the  earth  and  discover  any  new  metal,  mineral,  or  prin(^ij)le  of 
natural  law,  we  expect  you  to  add  your  mite  to  that  colossal  column 
of  human  knowledge  which  towers  high  above  the  Pyramids  of 
Egypt,  and  in  return  we  will  be  most  ha[)py  to  reciprocate  by  supply- 
ing that  which  we  gather  from  the  uttermost  parts  of  the  earth.     The 
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Republic  of  Science  has  no  earthly  limits.  It  embraces  the  heavens 
above,  the  world  below,  and  the  waters  under  the  earth  ; — so,  my 
friends,  we  are  a  common  brotherhood,  and  we  trust  that  wisdom 
will  govern  your  counsels,  and  that  honor  and  success  will  crown 
your  labors. 

Major  J.  W.  Powell,  Director  of  the  United  States  Geological 
Survev,  and  Chairman  of  the  Local  Committee  of  Arrang-ements, 
then  spoke  as  follows  : 


address  of  major  powell. 

Mr.  President  and  Gentlemen,  Members  of  the  American 
Institute  of  Mining  Engineers  :  I  bid  you  welcome.  It  is  ap- 
propriate for  me  thus  to  greet  you  only  because  of  my  relation  to 
the  Geological  Survey  prosecuted  under  the  direction  of  the  General 
Government.  The  work  in  which  my  collaborators  and  myself  are 
engaged  is  intimately  related  to  that  in  which  you  are  professionally 
employed. 

Mining  engineering  must  have  a  sound  basis  in  structural  geology, 
but  the  general  structural  geology  of  the  country  can  only  be  dis- 
covered and  delineated  by  the  great  agencies  of  government,  and 
hence  our  own,  alike  with  all  civilized  governments,  is  engaged  in 
prosecuting  this  department  of  research. 

But  the  Geological  Survey  is  also  engaged  in  researches  in  mining 
geology.  In  the  past  two  or  three  years  the  Comstock  lode,  from 
which  three  hundred  millions  of  bullion  have  been  taken,  has  been 
the  subject  of  most  minute  and  careful  examination  by  a  corps  of  the 
Geological  Survey.  Another  has  been  engaged  in  the  examination 
of  the  Eureka  raining  district.  Still  another  in  that  marvellous 
group  of  mines  at  Leadville,  Colorado.  Other  corps  have  been 
engaged  in  the  examination  of  the  coal  of  the  United  States,  of  the 
iron  mines,  of  the  copper  regions,  and  of  the  industries  in  the  pro- 
duction of  the  precious  metals. 

The  purpose  of  these  researches  is  somewhat  more  general  than 
that  in  which  you  are  individually  engaged.  The  Geological  Sur- 
vey seeks  to  discover : 

First.  The  geological  structure  of  the  country. 

Second.  The  geological  relations  and  palingenesis  of  ores  and  other 
mineral  deposits,  and  to  discover  the  laws  and  modes  of  their  occur- 
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rence.  Here  the  work  of  the  official  geologist  ends,  and  here  the 
work  of  the  mining  engineer  begins.  It  is  for  him  to  develop  in- 
dividual mines  and  to  discover  the  sites  of  ore-bodies  and  other 
valuable  deposits,  and  to  develop  the  machinery  for  the  working  of 
mines,  and  metallurgical  processes  by  which  crude  materials  may  be 
wrought  into  forms  best  adapted  to  the  wants  of  man.  This  gives 
rise  to  tlie  profession  of  mining  engineering.  So  the  body  of  geol- 
ogists and  tlie  body  of  mining  engineers  of  the  country  are  com- 
plementary to  each  other,  and  constitute  one  profession,  and  work 
to  a  common  purpose, — the  development  of  one  of  the  most  impor- 
tant groups  of  industries  in  the  civilized  world. 

The  successful  mining  engineer  must  be  highly  endowed.  He  must 
be  a  geologist,  a  mineralogist,  a  chemist,  a  metalhirgist,  a  mechanician, 
and  with  all  these,  he  must  have  that  practical  knowledge  of  the  affairs 
of  his  profession  that  gives  facility  in  the  adaptation  of  means  to 
ends.  For  no  two  mountains  have  the  same  structure,  no  two  de- 
posits have  the  same  form,  no  two  ores  have  the  same  constitution, 
no  two  mines  present  the  same  problems;  and  thus  in  the  mining 
engineer  knowledge  and  skill  are  alike  demanded.  With  all  of 
these  must  go  professional  pride  and  integrity,  for  the  ardor  of  en- 
thusiasts must  be  checked  and  the  wiles  of  sharpers  thwarted. 

In  this  field  nature  has  concealed  her  bounties  tliat  they  may  not 
be  found  by  the  fool.  The  uninstructed  eye  sees  no  gold  in  the 
rock,  no  silver  in  the  ore,  no  iron  in  the  mountain,  no  coal  beneath 
the  plain — only  to  the  eye  of  science  are  these  secrets  revealed.  In 
this  field,  when  native  products  are  discovered,  the  hand  of  igno- 
rance cannot  seize  them  ;  the  fool  cannot  unlock  the  treasure  box. 
Only  the  hand  of  science,  armed  with  the  powers  that  are  harnessed 
with  machinery,  can  bring  them  to  our  possession.  In  this  field  the 
native  products  when  gathered  cannot  be  utilized  by  the  ignorant. 
The  fool  holds  not  the  wand  of  transformation ;  but  science  turns 
the  rock  into  gold,  the  ore  into  silver,  the  iron  into  engines,  and  the 
coal  into  power.     In  this  field  science  and  art  go  hand  in  hand. 

It  was,  therefore,  peculiarly  fitting  that  the  men  engaged  in  this 
work,  the  scientific  artisans,  the  mining  engineers,  should  associate 
as  a  corporate  body  for  the  j^romotion  of  knowledge  and  the  devel- 
opment of  technology.  Such  Is  the  purpose  to  be  subserved  by  this 
organization.  How  well  this  [)urpose  has  hitherto  been  accom- 
plished is  known  and  attested. 

Since  the  organization  of  the  Society  nine  volumes  of  Trdnsudions 
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have  been  published.     These  volumes  contain  four  hundred  and 
thirty-four  papers,  which  may  be  classified  as  follows  : 

1.  Metallurgy  of  iron  and  steel,  one  hundred  and  ten  papers. 

2.  Metallurgy  of  silver  and  silver  mining,  twenty-two  papers. 

3.  On  various  metallurgical  processes,  fifty -one  papers. 

4.  Gold  and  gold  mining,  seven  papers. 

5.  Mining  and  mechanical  engineering,  thirty-two  papers. 

6.  On  the  mining  and  smelting  of  copper,  fifteen  papers. 

7.  Chemistry  and  assaying,  twenty-six  papers. 

8.  Economic  geology  and  mineralogy,  thirty-three  papers. 

9.  On  coal  mining  and  the  geological  relations  of  coal,  forty 
papers. 

10.  On  the  natural  occurrence  and  metallurgy  of  zinc,  antimony, 
bismuth,  lead,  nickel,  graphite,  and  tin,  eleven  papers. 

11.  Concerning  salt,  three  papers. 

12.  On  ore-deposits  and  the  working  of  mines,  nineteen  papers. 

13.  Mining  tools  and  machinery,  twenty-six  papers. 

14.  Miscellaneous  papers  and  addresses,  thirty-nine  papers. 

The  list  of  the  authors  of  these  papers  is  a  catalogue  of  illustrious 
names  of  scholars,  eminent  writers,  and  successful  engineers.  The 
whole  constitutes  a  body  of  literature  of  which  any  scientific  associ- 
ation of  the  world  might  well  be  proud. 

Civilization  was  born  Mhen  the  ancient  cities  were  built  on  the 
shores  of  the  Mediterranean.  Prior  to  that  time  mankind  was  or- 
ganized in  tribes.     Since  that  time  the  nations  have  been  organized. 

In  the  passage  of  mankind  from  tribal  to  national  society  in  the 
growth  of  modern  civilized  states,  the  most  important  element  is 
the  growth  of  corporations, — voluntary  associations  of  men  for  spe- 
cific purposes, — industrial,  educational,  and  charitable.  The  evolu- 
tion of  these  corporations  is  the  most  important  chapter  in  the 
history  of  the  institutions  of  the  civilized  world.  Progress  made 
by  mankind,  from  the  building  of  the  pyramids  for  glory,  to  the 
mining  of  the  Comstock  lode  for  its  three  hundred  millions  of 
bullion,  is  due  more  to  these  institutions  developed  by  voluntary 
associations  of  men  than  by  the  institutions  of  government.  These 
voluntary  associations  have  been  the  most  potent  agencies  in  the 
progress  of  mankind  from  the  earliest  to  the  latest  civilization,  and 
the  sociologic  philosopher  who  has  to  deal  with  the  progress  of 
society,  finds  that  the  people  of  to-day,  in  the  most  highly  developed 
governments,  are  more  influenced  by  voluntary  corporations  than  by 
governments  themselves. 
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In  the  history  of  governments  the  drama  presents  an  exciting 
plot  where  ambitious  actors  walk  the  stage,  and  governments  with 
their  legislatures,  their  rulers,  their  courts,  their  armies,  and  their 
navies,  appear  in  rapid  sequence  before  us,  and  the  play  is  heroic 
and  tragic. 

In  the  history  of  corporations  the  parts  are  played  by  bodies  of 
men  voluntarily  associating  and  working  together.  To  make  fields 
in  the  forests,  to  work  mines  in  the  mountains,  to  navigate  rivers, 
and  to  sail  the  seas,  and  to  spread  commerce  throughout  the  world — 
these  agencies  have  been  more  potent  in  the  civilization,  and  more 
potent  in  the  culture  of  mankind,  than  all  the  agencies  of  govern- 
ment. 

It  is  within  the  memory  of  the  men  before  me  that  historians 
have  come  to  understand  that  written  history  has  been  too  much 
occupied  with  governments  and  armies  and  navies,  and  has  neglected 
the  major  part  of  history, — the  part  affecting  most  the  interests  of 
mankind.  There  have  sprung  up  in  the  last  decade  or  two  histo- 
rians throughout  the  civilized  world,  who  are  rewriting  history  by 
tracing  the  development  of  institutions  of  culture  and  of  civiliza- 
tion. Of  all  human  institutions  those  relating  to  industries  have  been 
most  efficacious,  most  beneficent.  Technology  has  done  more  for 
mankind  than  sociology,  institutions  of  art  more  than  institutions 
of  government. 

If  we  begin  in  the  early  history  of  mankind  at  that  time  when 
only  tribal  governments  were  known,  when  the  state,  the  whole  body 
of  a  people  organized  under  one  government,  was  but  a  body  of  kin- 
dred, and  trace  mankind  through  forms  of  states,  by  changes  of  gov- 
ernments, until  the  modern  states  of  civilization  appearing  as  empires, 
kingdoms,  and  republics  are  established,  and  study  carefully  the 
history  of  these  changes  and  the  course  of  this  progress,  we  discover 
that  the  theories  of  government  are  developed  not  by  the  eloquence 
of  statesmen,  not  by  the  wisdom  of  rulers,  not  by  the  judgments  of 
courts,  so  much  as  by  the  development  of  industries  aj)pearing  in 
the  mining  operations,  the  manufacturing  works,  the  commercial 
enterprises  through  which  the  rehitions  of  men  have  changed  and 
society  has  advanced.  By  the  force  of  civil  institutions  relating 
chiefly  to  industries  mankind  has  made  progress,  and  slowly  but 
inexorably  states  have  grown  from  savagery  to  civilization. 

Again,  technology  lias  done  more  for  maid<ind  than  philoso])hy. 
Philosoj)hy  has  never  grown  through  internal  agencies;  philosophy 
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has  grown  only  by  the  culture  which  proceeds  from  technology. 
Philosophy  would  to-day  be  soaring  in  the  absurdities  of  mythology 
or  wading  through  the  mire  of  metaphysics  but  for  science,  which 
was  born  of  technology.  Philosophy  was  mythology  with  its  thau- 
raaturgics  and  poetry.  Then  philosophy  ivas  metaphysics,  with  in- 
determinate propositions  and  occult  proof.  Now  philosophy  is  sci- 
ence, and  there  is  no  philosophy  but  science.  Technology  is  the 
father  of  science,  and  science  again  is  the  father  of  technology. 
Arts  give  birth  to  sciences  and  sciences  give  birth  to  arts,  and  thus 
in  alternating  generations  they  multiply  to  bless  mankind. 

Again,  gentlemen,  I  welcome  you,  as  the  representatives  of  science 
and  art,  to  Washington  and  to  the  national  halls  of  science  and  art. 

President  Metcalf,  after  replying,  on  behalf  of  the  Institute,  to  the 
addresses  of  welcome  of  General  Sherman  and  Major  Powell,  gave 
an  outline  of  the  comprehensive  work  of  the  Institute,  and  expressed 
the  pleasure  that  the  members  had  in  meeting  within  the  walls  of 
the  national  headquarters  of  science, — the  Smithsonian  Institution. 

The  following  persons  proposed  for  members  and  associates  of  the 
Institute,  and  approved  by  the  Council,  were  unanimously  elected  :* 


MEMBERS. 


Arthur  V.  Abbott, 
George  J.  Atkins, 
William  L.  Austin, 
James  F.  Beattie, 
A.  P.  Berlin,    . 
Abram  Bruner, 
H.  C.  Burchard, 
Charles  S.  Burt, 
Byron  W.  Cheever, 
Townsend  V.  Church, 
James  B.  Converse, 
Walter  G.  Coolidge, 
George  H.  Cornell, 
Edward  Daniels, 
Asbury  Derland, 
A.  H.  Emery,  . 
George  W.  Eustace, 
John  H.  Flagler, 
M.  N.Forney,. 
Henry  Gannett, 


Brooklyn,  N.  Y. 
Newburgh,  O. 
Charleston,  Ai-izona. 
Connellsville,  Pa. 
Hazleton,  Pa. 
Pittsburgh,  Pa. 
Washington,  D.  C. 
Marquette,  Mich. 
Ann  Arbor,  Mich. 
Chicago,  111. 
McKeesport,  Pa. 
Chicago,  111. 
Youngstown,  O. 
Washington,  D.  C. 
Boiling  Springs,  Pa. 
New  York  City. 
Jersey  City,  N.  J. 
New  York  City. 
New  York  City. 
Washington,  D.  C. 


*  This  list  includes  those  members  and  associates  who  were  elected  at  the  final 
session  of  the  meeting  on  Friday  morning. 
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George  W.  Gootz,     . 
Stephen  W.  Goodyear, 
Henry  O.  Hoffmann, 
F.  N.  Hofstott, . 
William  S.  Hutchinson, 
W.  R    Hutton,  . 
Isaac  E.  James, 
Lieutenant  D.  D.  Johnso 
R.  R.  Jones, 
Thomas  M.  King, 
Benjamin  B.  Lawrence, 
E.  P.  Lee, 

Thomas  H.  Leggett,  . 
Edward  P.  Leisenring, 
Stuart  Lindsley, 
Herman  Livingstone, 
William  Main,  . 
A.  Mark  ham,    . 
Gharles  A.  Marshall, 
James  H.  Mayo, 
O.  E.  Michaelis, 
Philip  W.  Moen,       . 
Wilheliii  Molin, 
George  Murray, 
Albert  H.  Nicholson, 
John  H.  Paddock, 
Henry  W.  Park  hurst, 
John  M.  Pearson, 

F.  N.  Pease, 
John  C.  Peters, 
J.  C.  Porter,      . 
S.  A.  Fvi<,-hards, 
Samuel  M.  Riley, 
Denis  M.  Riordan.,    , 
Kenneth  Robertson,  . 
George  W.  Sargeant, 
David  O.  Saylor, 

G.  H.  Scharar,  . 
Walter  R.  Scott, 
Henry  J    Seaman,     .' 
Henry  H.  Stauibaugh, 
Frederick  J.  Stanton., 
Charks  P.  Tasker,    . 
William  Thaw,  Jr.,. 
Abraham  H.  Vandling 
J.  H.  E.  Waters,       . 
Valentine  W.  Weaver, 
Gharles  G.  Weir, 
J.  S.  Wcntz,      . 
E.  L.  Wiles,      . 
Albert  H.  Wolfe,      , 


.     Cleveland,  O. 
Watcrbury,  Conn. 

,     Kansas  City,  Mo, 

.     Pittsburgh,  Pa. 

.     Chicago,  111. 

.     Baltimore,  Md. 

.     Tombstone,  Arizona. 

.     Governor's  Island,  N.  Y. 

.     Chicago,  IlL 

.     Pittsburgh,  Pa. 
Montezuma,  Colo. 

.     Chicago,  111. 

Batopilas,  Mexico. 
Audenreid,  Pa. 

.     Clifton,  Arizona. 

.     Catskill  Station,  N.  Y. 

.     Brooklyn,  N.  Y. 

.     Markhamville,  N.  B.  Canada. 

.     Johnstown,  Pa. 

.      Hrookline,  Mass. 

.     Frankford,  Philadelphia, 
Worcester,  Mass. 

.     Troy,  N.  Y. 

.     Leadville,  Colo. 

.     Orinoco,  Venezuela. 

.     St.  Joh-nsbury,  Vl. 

.     Bismarck,  Dakota. 

.     Hudson,  N.  Y. 
Altoona,  Pa. 
Eureka,  Nevada. 
Pittsburgh,  Pa. 
.     Joliet,  111. 
.     Ashland,  Pa. 
.     Tucson,  Arizona. 
.     Oxford,  N.  J. 
.     New  York  City. 
.     Allentown,  Pa. 
.     Providence,  Pa, ' 
.     Tucson,  Arizona. 
.     CatasRuqua,  Pa. 
Youngstown,  O. 
.     Cheyenne,  Wyoming. 
,     Philadelphia. 
.     Pittsburgh,  Pa. 
.     Seranton,  Pa, 
,     Silverton,  COI0. 
.     Goplay,  Pa, 
.     Gntonugon,  Mich. 
.     Mauch  Chunk,  Pa, 
.     Chicago,  111. 
.     Chicjigo,  IlL 
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ASSOCIATES. 


Francis  I.  Dominick, 
H.  L.  E.  Emmet,       . 
J.  W.  Farquhar, 
C.  H.  Gibson,     . 
Thomas  B.  Kerr, 
Willet  Rose, 
Henry  H.  Sawyer, 
Walter  H.  Weed, 
G.  iSiorman  Williamson,  . 
Charles  A.  Witlmack, 


Clintonville,  N.  Y. 
New  York  City, 
Easton,  Pa. 
Freiberg,  Saxony, 
Pittsburgh,  Pa. 
Irwin,  Colo. 
East  Hampton,  Mass. 
Brooklyn",  N.  Y. 
Irwin,  Colo. 
New  York  Citv. 


The  status  of  the  following  associates  was  changed  to  member: 
Charles  P.  Bleecker,  Philip  E.  Chazal,  Anton  Fernekes,  Clark  Fisher, 
Howard  V.  Fnrman,  Frederick  R.  Hiitton,  Wheaton  B.  Kunhardt, 
Joseph  T.  Monell,  Kiugo  Narabu,  Willard  Ide  Pierce,  Donald  B. 
Toucey,  Hermann  T.  Vulte. 

The  President  appointed  Messrs.  G,  W.  Bramwell  and  W.  S. 
Dwight  as  scrutineers  to  examine  the  ballots  for  officers  of  the 
Institute,  and  to  report  at  a  subsequent  session. 

After  the  adjournment  of  this  session  the  members  attended  the 
reception  of  Major  and  Mrs.  Powell,  at  their  house,  910  M  Street. 

The  second  session  was  held  on  Wednesday  morning,  when  the 
following  papers  were  read  : 

A  Process  for  Making  Artificial  Fuel  from  Anthracite  and  Bitu- 
minous Coal  Du.st,  and  the  Applicability  of  the  Process  to  the 
Solidification  and  Utilization  of  the  Slacking  Lignites  of  the  West, 
by  E.  F.  Loi.seau,  of  Philadelphia. 

Coals  in  Mexico,  Santa  Rosa  District,  by  W.  H.  Adams,  of  Chi- 
cago, 111. 

The  New  Mill  at  Batopilas,  State  of  Chihuahua,  Mexico,  by  J. 
C.  F.  Randolph,  of  New  York  city. 

Comparative  Efficiency  of  Fans  and  PosiUve  Blowers,  by  Henry 
M.  Howe,  of  New  York. 

A  New  Ore-pulverizer,  by  C.  Henry  Roney,  of  Philadelphia. 

The  session  on  Wednesday  afternoon  was  devoted  to  the  memory 
of  Alexander  Lyman  Holley,  who  died  January  29th,  1882.  Dr. 
R.  W.  Raymond,  at  the  request  of  President  Metcalf,  presided  at 
this  memorial  session.  Remarks  were  made  by  Messrs.  William 
Metcalf,  R.  W.  Raymond,  T.  S.  Hunt,  A.  S.  Hewitt,  W.  P.  Shinn, 
Ashbel  Welch,  E.  D.  Leavitt,  Jr.,  C.  E.  Dutton,  R.  W.  Hunt,  T. 
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Egleston,  G.  W.  Maynard,  T.  C.  Clarke,  Martin  Coryell,  J.  H.  Riek- 
etson,  O.  Chanute,  J.  F.  Holloway,  Charles  Macdonakl,  and  J.  D. 
Weeks.  The  Secretary  read  cable  dispatches  from  England,  which 
had  been  received  during  the  day,  from  E.  P.  Martin,  E.  Windsor 
Richards,  C.  P.  Sandberg,  G.  J.  Snelus,  S.  G.  Thomas,  and  the 
Council  of  the  Institution  of  Civil  Engineers.  Written  communi- 
cations and  telegrams  were  received  from  P.  Barnes,  J.  C.  Bayles, 
A.  Cosgriff,  W.^E.  C.  Coxe,  W.  R.  Jones,  W.  F.  Mattes,  E.  C. 
Pechin,  R.  P.  Rothwell,  M.  V.  Smith,  J.  C.  Smock,  and  W.  J. 
Taylor,  which  could  not  be  read  at  length  for  lack  of  time;  and  it 
was  announced  that  the  printed  report  of  this  memorial  session 
would  include  contributions  from  friends  of  Mr.  Holley  who  did 
not  have  the  opportunity  of  speaking  at  the  session. 
The  following  resolutions  were  adopted  : 

Resolved,  That  in  the  death  df  Alexander  Lj-man  Holley,  formerlj'  President 
of  the  Institute,  we  mourn  the  departure,  not  only  of  a  great  inventor  and  engi- 
neer, pioneer  in  the  ajijilications  of  science,  and  benefactor  of  mankind,  but  also, 
and  more  keenly,  of  a  true  comrade  and  dear  friend,  the  memory  of  whose  strong 
and  fientle  spirit  is  indissolubly  blended  with  the  social  history  of  this  organiza- 
tion, as  his  genius,  enthusiasm,  and  activitj'  were  potent  factors  in  its  professional 
success. 

Resolved,  That  the  chairman  of  this  meeting  be  requested  to  deliver,  on  some 
suitable  future  occasion,  an  address,  in  commemoration  of  the  life  and  life-work 
of  Mr.  Holley. 

Resolved,  That  the  Council  of  the  Institute  be  requested  to  take  into  considera- 
tion the  publication  of  a  memorial  volume,  to  contain  the  above-mentioned  ad- 
dress, the  proceedings  of  this  meeting,  and  such  other  matter  as  may  be  deemed 
expedient. 

Resolved,  That  we  extend  to  the  American  Society  of  Civil  Engineers,  and  to 
the  American  Society  of  Mechanical  Engineers,  our  sympath}^  in  this  great  loss, 
sustained  by  them  as  well  as  ourselves. 

Resolved,  That  a  committee  of  five  be  appointed  to  take  charge,  after  consulta- 
tion with  the  Council,  and  in  co-operation  with  such  similar  committees  as  may 
be  constituted  by  our  two  sister-societies,  of  the  execution  of  the  measures  proposed 
in  these  resolutions,  and  to  repr(!sent  the  American  Institute  of  Mining  Engi- 
neers in  any  further  proceedings  that  may  be  taken  for  the  same  purptise. 

Resolved,  That  a  copy  of  these  resolutions,  together  with  the  assurance  of  our 
profound  sympathy,  be  transmitted  by  the  Secretary  to  the  family  of  Mr.  Holley  ; 
and  that  copies  be  sent  also  to  the  secretaries  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Society  of  Civil  Engineers. 

[At  the  next  session  of  the  Institute,  Dr.  R.  W.  Raymond  was 
appointed  chairman  of  the  committee,  provided  for  by  these  resolu- 
tions, with  power  to  name  the  other  members  of  the  conimittec.] 

At  the  conclusion  of  the  session  Dr.  Raymond  read  a  letter  which 
he  imd  received  from  Mr.  Holley  in  the  year  1876,  and  also  a  letter 
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addressed  to  him  by  Mrs.  Holley,  desiring  him  to  express  her  thanks 
to  the  members, of  the  Institute  for  their  kind  expressions  of  sym- 
pathy, and  to  say  to  them  how  deeply  Mr.  Holley  had  been  inter- 
ested in  the  work  of  the  Institute,  apd  with  what  brotherly  affection 
he  had  always  regarded  its  members. 

The  fourth  session,  on  Wednesday  evening,  was  confined  to  papers 
and  remarks  on  "  Iron  and  Steel  as  Structural  Materials,"  with  espe- 
cial reference  to  the  memorial  to  Congress  of  the  American  Society 
of  Civil  Engineers  for  the  appointment  of  a  test  commission. 

The  following  persons  took  part  in  the  discussion  :  Ashbel  Welch, 
Charles  Macdonald,  General  Meigs,  Captain  Lyle,  E.  D.  Leavitt, 
Jr.,  T.  C.  Clarke,  O.  Chanute,  A.  P.  Boiler,  T.  Egleston,  G.  S. 
Morison,  P.  Roberts,  Jr.,  and  William  Metcalf 

The  fifth  session  was  held  on  Thursday  morning,  Vice-President 
Thompson  presiding. 

The  following  papers  were  read  : 

First  Aid  to  the  Injured,  by  Professor  H.  S.  Munroe,  of  New 
York  city. 

Electrical  Apparatus  and  Processes  for  the  Mining  and  Metallur- 
gical Engineer,  by  N.  S.  Keith,  of  New  York  city. 

Notes  on  some  Newly  Discovered  Mineral  Regions  of  Southern 
New  Mexico,  by  Professor  B.  Silliman,  of  New  Haven,  Conn. 

On  Thursday  afternoon  the  members,  and  accompanying  ladies, 
visited  the  White  House,  and  were  received  by  President  Arthur, 
and  subsequently  visited  the  Treasury  Department,  where  they  were 
received  by  Secretary  Folger  and  shown -over  the  treasury  building. 

On  Thursday  evening  there  was  a  subscription  dinner  at  Wormley's 
Hotel. 

The  sixth  and  final  session  was  held  on  Friday  morning. 

The  following  papers  were  read  : 

Late  Developments  in  the  Siemens  Direct  Process,  by  G.  W.  May- 
nard,  of  New  York  city. 

Some  Peculiarities  of  the  Gold  Deposits  of  North  Carolina  and 
the  Bald  Mountain  Volcano,  so-called,  by  Professor  W.  C.  Kerr,  of 
Raleigh,  N.  C. 

Notes  on  the  Behavior  of  Manganese  to  Carbon,  by  Willard  P. 
Ward,  of  Savannah,  Georgia. 

The  following  papers  were  then  read  by  title  : 
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The  Southern  Soapstones,  Kaolin,  and  Fire-clays,  and  their  Uses, 
by  Professor  P.  H.  Mell,  Jr.,  of  Auburn,  Ala. 

The  Amount  of  Oil  remaining  in  Pennsylvania  and  New  York, 
by  H.  E.  Wrigley,  of  Philadelphia. 

Notes  on  the  Luermann  Front,  by  George  Asmus,  of  New  York 
city. 

The  Crystalline  Rocks  of  Virginia  compared  with  those  of  New 
England,  by  Professor  C.  H.  Hitchcock,  of  Hanover,  N.  H. 

Contributions  to  the  Metallurgy  of  Nickel  and  of  Copper,  by  W. 
E.  C.  Eustis  and  Henry  M.  Howe,  of  Boston. 

Some  Drift  Deposits  of  Fossiliferous  Hematites  in  Tennessee,  by 
Edward  Nichols,  of  Ridge  Valley,  Ga, 

Phosphorus  Determinations  in  Pig  Iron  and  Steel,  by  F.  E.  Bach- 
man,  South  St.  Louis,  Mo. 

Instruments  for, Projection  Drawing,  by  Professor  J.  M.  Silliman, 
of  Easton,  Pa. 

The  Gold  Fields  of  the  Southern  Portion  of  the  Island  of  San 
Domingo,  by  P.  P.  Rothwell,  of  New  York  city. 

Notes  on  the  Large  Blasts  at  the  Glendon  Limestone  Quarry,  by 
Frank  Firmstone,  of  Easton,  Pa. 

Hoefer's  Method  of  Studying  Faults  in  Veins,  by  R.  W.  Ray- 
mond, of  New  York  city. 

The  Occurrence  of  Gold  in  the  Potsdam  Formation,  Black  Hills, 
Dakota,  by  W.  B.  Devereux,  of  Globe,  Arizona. 

Valuation  of  Iron  Mines   in  New  York    and  New  Jersey,  by 
Professor  J.  C.  Smock,  of  New  Brunswick,  N.  J. 

On  Chimney  Draught,  by  Professor  B.  W.  Frazier,  of  Bethlehem, 
Pa. 

A  Review  of  the  Ste.  Genevieve  Copper  Deposit,  by  Frank  Nich- 
olson, of  Ste.  Genevieve,  Mo. 

Topograpiiical  and  Geological  Modelling,  by  O.  B.  Harden,  of 
Philadelphia. 

Note  on  Manganese  in  Bessemer  Rail  Steel,  by  J.  W.  Cabot,  of 
Johnstown,  Pa. 

The  Geology  and  Veins  of  Tombstone,  Arizona,  by  W.  P.  Blake, 
of  New  Haven,  Conn. 

The  Mining  AVork  of  the  United  States  Geological  Survey,  by 
S.  F.  Emmons,  of  Washington,  D.  C. 

Supi)lement  III  to  a  Catalogue  of  Official  Reports  upon  Geolog- 
ical Surveys  of  the  United  States  and  Territories  and  of  British 
North  America,  by  Frederick  Prime,  Jr.,  of  Philadelphia. 
VOL.  X. — IG 
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The  annual  report  of  the  Council  was  then  read  by  the  Secretary: 
The  Council,  in  accordance  with  the  rules,  reports  to  the  members 
that  the  affairs  of  the  Institute  are  in  a  highly  satisfactory  condition. 
The  receipts  for  the  year  have  been  fortunately  large,  which  has 
enabled  us  both  to  fund  the  life-memberships,  and  to  meet  the  un- 
usually heavy  expenses  of  publication.  The  financial  accounts  of 
the  Secretary  and  Treasurer,  duly  audited,  show  the  following  re- 
ceipts and  expenditures  for  the  year: 

Secretary  and  Treasurer's  Statement  of  Receipts  and  Disburse- 
.  ments  from  february  ist,  1881,  to  january  31st,  1882. 

Dr. 

Balance  at  last  statement,     .... 
Received  for  dues  from  members  and  associate?, 

"         "    life-memberships, 

"        from  sale  of  publications, 

"         for  binding  Transactions, 

"         "    authors' pamphlets, . 

"         "    electrotypes, 
Interest  on  United  States  bonds, 

"         "  deposits,    . 

Cr. 
Paid  for  j.rinting  volume  ix.  Transactions, 

"       binding  "  " 

"       printing  pamphlet  edition  of  papers, 

"  "  "         on  Steel  Rails,  . 

"  "         Glossary  of  Mining  and  ifetal 

lurgical  Terms,  ..... 

Paid  for  printing  circulars,  etc., . 

"       binding  Transactions  and  exchanges, 

"       drawing  and  engraving, 

"       lithographing,         .... 

"       postage, ...... 

"       freight  and  expressage, . 

"       stationery,      ..... 

"       telegrams,       ..... 

"       insurance,       ..... 

"       stenographer,  .... 

"       rent  of  oiBce,  6  months, 

"       rent  (storage  of  T/-ansactio7is) ,  G  months 

"       Secretary's  salary', 

"  "  assistant's  salary, 

"  "  and  assistant's  expenses  at 

tending  meetings,     ..... 
Paid  for  incidental  expenses  of  meetings,   . 
■     "       900  United  States  4's,    . 

Excess  of  receipts  over  expenditures,  . 
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The  ninth  volume  of  Transactions,  covering  the  period  from  May, 
1880,  to  February,  1881,  has  been  issued  and  distributed  as  usual. 
It  has  not  hitherto  been  found  possible  to  issue  these  annual  volumes 
more  promptly,  owing  to  tardiness  of  the  authors  in  writing  or  re- 
vising their  papers.  This  necessary  delay,  is,  however,  of  no  great 
loss  to  the  members,  since  the  pamphlet  edition  "  subject  to  revision" 
gives  a  reasonably  prompt  publication  of  the  papers  read  before  the 
Institute.  In  addition  to  the  regular  publication  of  the  papers, 
there  have  been  issued  in  book  form,  an  edition  of  the  papers  on 
Steel  Rails,  by  Messrs.  Sandberg,  Dudley,  and  Hoi  ley,  with  the 
Discussions  at  the  Philadelphia  and  Virginia  meetings,  and  also  a 
separate  edition  of  Raymond's  Glossary  of  Mining  and  Metallurgical 
Terms. 

The  usual  three  meetings  have  been  held — in  Philadelphia,  Staun- 
ton, Va.,  and  Harrisburg,  Pa.  These  meetings  were  largely  attended, 
and  were  highly  successful,  both  professionally  and  socially.  There 
were  elected  at  these  meetings  208  members  and  48  associates.  Dur- 
ing the  year  5  members  have  resigned,  and  25  members  and  asso- 
ciates have  been  dropped  from  the  rolls  for  the  non-payment  of  dues. 
Eight  members  have  died  :  J.  R.  Cameron,  Henry  Chisholra,  Henry 
G.  Clark,  Maurice  Healy,  J.  L.  Jernegan,  Williao)  Lorenz,  Jr.,  Dr. 
A.  Wendel,  and  Alexander  L.  Holley.  The  membership  of  the 
Institute  now  comprises  6  honorary  members,  848  members,  125 
associates,  and  51  foreign  members;  a  total  of  1030. 

The  following  resolutions,  submitted  to  the  Institute  by  the  Coun- 
cil, were  adopted  : 

Whereas,  The  American  Institute  of  Mining  Engineers,  on  the  twenty-sixth 
day  of  March,  1879,  leased  for  the  term  of  ninety-nine  years,  to  the  Pennsylvania 
Museum  and  Scliool  of  Industrial  Art,  in  Philadelphia,  the  mining  and  metal- 
lurgical collections  of  the  Institute  derived  from  the  Centennial  Exhibition,  and 

Whereas,  The  Pennsylvania  Museum  and  School  of  Industrial  Art  has  sug- 
gested to  the  Institute,  that  the  educational  value  of  the  above-mentioned  collec- 
tions would  be  increased  if  they  were  transferred  to  the  National  Museum  in 
Washington,  therefore 

Resolved,  That  the  American  Institute  of  Mining  Engineers  consents  to  the 
breaking  of  the  lease  to  the  Pennsylvania  Museum  and  School  of  Industrial  Art, 
if  desired  by  the  latter,  on  condition  that  the  collections  of  the  Institute  be 
transferred  in  their  entirety  to  the  National  Museum  in  Washington  ;  and 

Resolve'/.,  That  acouimiltce  of  three  members  of  the  Institute  be  apjioiutt'd  by 
the  President  of  the  Institute  to  take  all  necessary  action  in  this  uuitli'r. 


244  PROCEEDINGS   OF   THE   AXXUAL    MEETING. 

In  accordance  with  these  resolutions,  President  Metcalf  appointed, 
as  committee,  Messrs.  P.  Roberts,  Jr.,  H.  S.  Drinker,  and  William 
G.  Xeilson. 

The  scrutineers  appointed  at  the  first  session  of  the  Institute  pre- 
sented their  report,  declaring  the  following  persons  elected  as  officers 
of  the  Institute : 

PRESIDENT. 
EiCHARD  P.  RoTHWELL, New  York  City. 

VICE-PRESIDENTS. 
(To  serve  until  February,  1884.) 

T.  N.  Ely, Altoona,  Pa. 

Charles  Macdonald,        .....     New  York  City. 
Major  J.  W.  Powell, Washington,  D.  C. 

MANAGERS. 
(To  serve  until  February,  1885.) 

William  Burnham, Philadelphia. 

AxTON  EiLERS, Denver,  Col. 

A.  S.  McCreath,        .         .         .   •     .         ,         .     Harrisburg,  Pa. 

TREASURER. 
Theodore  D.  Rand,  ......     Philadelphia. 

SECRETARY. 
Thomas  M.  Drown, Ea>ton,  Pa. 

The  following  resolutions  were  then  offered  and  unanimously 
adopted : 

Resolved,  That  the  Secretary  of  the  Institute  be  instructed  to  express  the  thanks 
of  the  members  to  Professor  S.  F.  Baird,  Secretary,  and  to  the  Regents  of  the 
Smithsonian  Institution,  for  their  kindness  in  oifering  the  hall  in  the  National 
Museum  for  the  sessions  of  the  Institute;  to  General  Sherman,  for  his  address 
to  the  Institute  ;  to  Major  and  Mrs.  Powell,  for  their  generous  hospitality  on  the 
occasion  of  their  reception  to  the  visiting  members  and  ladies;  to  the  Cosmos 
Club  of  Washington,  for  their  courtesy  in  extending  to  the  members  the  privi- 
leges of  the  club;  and  to  the  efficient  Local  Committee  of  Arrangements,  for 
their  painstaking  efforts  to  promote  the  success  of  the  meeting. 
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Resolved,  That  we  tender  our  thanks  to  the  retiring  President,  Mr.  William 
Metcalf,  for  the  faithful  discharge  of  his  oflScial  duties  during  the  past  year,  and 
for  the  genial  courtesy  he  has  alwaj-s  shown  in  the  management  of  our  ati'airs; 
and  we  trust  he  will  always  remember  his  oflScial  connection  with  the  Institute 
with  as  much  pleasure  as  it  will  give  the  members  to  remember  the  meetings  at 
which  he  presided. 

President  Metcalf  responded  briefly  to  the  latter  resolution,  and 
then  declared  the  meeting  adjourned. 

After  the  adjournment  of  this  session  the  members  visited  the 
Bureau  of  Printing  and  Engraving. 


PAPERS 


ANNUAL   MEETING. 

FEBRUARY,  1882. 


ON  CHIMNEY  BRA  UGHT. 

BY  PROFESSOR  IB.  W.   FRAZIER,  LEHIGH   UNIVERSITY,   BETHLEHEM,   PA. 

I  PROPOSE  in  this  paper  to  treat  of  the  chimney  merely  as  a  heat 
engine,  as  one  of  the  devices  resorted  to  in  practice  for  the  conversion 
of  heat  into  mechanical  work.  For  the  sake  of  simplicity  and  clear- 
ness in  the  discnssion,  let  us  consider  the  subject  in  its  simplest  form. 

Conceive  a  chamber,  heated  from  without,  in  free  communication 
at  one  end  with  the  external  atmosphere,  and  at  the  other  end  open- 
ing into  a  vertical  chimney.  Let  the  cross-section  of  the  chamber 
be  so  great,  relatively  to  that  of  the  chimney,  that  we  can  neglect  the 
actual  energy  of  the  air  passing  through  the  chamber.  We  will 
neglect,  also,  all  passive  resistances  to  the  passage  of  the  air.  We 
will  assume  that  the  cross-section  of  the  chimney  is  constant,  and 
that  the  air  in  passing  through  it  neither  gains  nor  loses  heat. 

The  following  symbols  will  be  employed  in  the  discussion: 

29y  =  the  normal  pressure  of  the  atmosphere,  wliich,it  is  assumed, 
is  the  j)ressure  existing  at  the  level  of  the  chamber,  p^  =  10332.96 
kilograms  per  square  meter. 

p.2.  "==  the  pressure  of  the  external  atmosphere  at  the  io\)  of  the 
chimney. 

Ti|  =  the  absolute  temperature  of  melting  ice  by  the  centigrade 
scale.  This  is  assumed  to  be  the  temperature  of  the  external  air  at 
the  level  of  the  chamber.     I^,  =  273°. 

jTj  =  the  absolute  temperature  of  the  air  as  it  passes  from  the 
chamber  to  the  chimney. 

Tj  =  the  absolute  temperature  of  the  air  as  it  issues  from  the 
chimney. 

i^^,  <2,  ^3  are  the  temperatures,  as  recorded  on  the  centigrade  ther- 
mometer, corresponding  to  the  absolute  temperatures  7',,  T.^,  T.^  re- 
si>cctively.     f^  =  0°C. 

In  general,  t  =  T—  273. 

7|„  /,,  I^  rej)resent  the  intrinsic  energy  of  the  air  at  the  tempera- 
tures 7y,  T.^,  2\  respectively. 
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i\„v.^,v^  represent  the  volumes  of  one  kilogram  of  air  at  the  fol- 
lowing pressures  and  temperatures,  viz.: 

For  Wo,  jj,  and  j;„ 
For  V..,  />y  and  T^, 
For  t'g,  P2  and  T^ 

S  represents  the  weight  of  one  cubic  meter  of  air  at  some  pressure, 
p,  and  temperature,  T. 

In  general  S  =1.  Thus,  d^  =  -,    8,  =  \    8,  =  h   8  =  1.29318 
V  v^  v.;  V3 

kilograms. 

r  =  the  ratio  between  the  specific  heat  of  air  at  constant  pressure 
and  that  at  constant  volume,     y  =  1.408. 

/S'p  =  the  specific  heat  of  air  at  constant  pressure.     S^  =  0.2375. 
-    ^=  the  height  of  the  chimney  in  meters. 

u  =  the  velocity  of  the  issuing  air  in  meters  per  second. 

U=  the  actual  energy  of  the  issuing  air. 

Let  us  follow  the  changes  which  the  air  undero;oes.  As  it  enters 
the  chamber,  the  air  has  an  intrinsic  energy  (ij,),  corresponding  to 
its  temperature  (TJ.  We  have  assumed  its  actual  energy  to  be  so 
small  that  we  can  neglect  it.  A  work  of  propulsion  (  W^)  is  performed 
upon  it  by  the  external  atmospheric  pressure.  The'  air  is  heated 
within  the  chamber  to  the  temperature  T^,  its  intrinsic  energy  being 
thus  increased  to  I.,;  at  the  same  time  a  work  of  dilatation  {W^)  is 
performed  upon  it,  which,  according  to  our  assumption,  takes  place 
at  the  constant  pressure  p^*  In  passing  up  the  chimney,  the  pressure 
of  the  air  is  reduced  from  p^  to  p^.  It  consequently  expands,  and, 
as  we  have  assumed  that  in  the  chimney  no  heat  is  either  gained  or 
lost,  its  temperature  is  reduced  to  T^  and  its  intrinsic  energy  to  J3. 
In  its  ascent  it  overcomes  the  resistance  of  gravity,  thus  performing 
the  work  ( TFg)  of  lifting  itself  through  the  height  of  the  chimney. 
As  it  issues  from  the  chimney  it  overcomes  the  back  pressure  (j9,), 
performing  an  amount  of  work  which  we  shall  designate  Wf,.  It 
finally  leaves  the  chimney  possessed  of  the  intrinsic  energy  Jg  and 
the  actual  energy  E.  By  adding  together  on  one  side  of  an  equa- 
tion the  quantities  of  energy  brought  in  by  the  air  and  communicated 
to  it  from  external  sources,  and  of  work  performed  on  it  by  favoring 
external  forces,  and  on  the  other  side  the  quantities  of  energy  carried 
off  by  the  air,  and  of  work  performed  by  it  against  opposing  external 
forces,  we  shall  obtain  an  equation  from  which  we  can  get  an  expres- 
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sion  for  the  actual  energy  of  the  issuing  air.     We  thus  get  the  equa- 
tion : 

io  +  K  +  (^2  -  ^o)  +  W,  =  W,  +  W,  +  I,-{-E.      (1.) 

In  this  equation  the  terms  (/^  —  iJ  +  TF^  represent  the  energy 
communicated  to  the  air  in  the  shape  of  heat,  which  is  absorbed 
partly  in  increasing  its  intrinsic  energy,  partly  in  performing  the 
work  of  dilatation. 

The  following  are  the  expressions  for  the  intrinsic  energy  of  the 
air: 

T  _     Pi)%         T  —    Po^o   L     r  —   Polo   ^ 

'~  7—1'    ' "  r—  1  t;   '  ~  7—  1  t; 

The  expressions  for  the  different  quantities  of  work  and  of  actual 
energy  are  easily  obtained  under  the  assumptions  which  we  iiave 
made: 

Wp  =  Po  V^' 

Wd  =  Po  {^2  —  ^o)- 

W,  =  H. 

W^  =  p.,  t\. 

The  relations  between  the  pressure,  volume,  and  temperature  of 
the  air  are  given  by  the  following  equations: 


Polo  _  P0I2  _  P23 
T,    -    1 

From  these  equations  we  get : 


m  rp  m     ' 

■'■0  ■'■2  -'S 


Po  (^2  —  ^o)   =  Po  %   -^ ^ 

P2  %   =  Po  %    rp' 
-'0 

Substituting  these  values  for  the  terms  in  equation  (1),  we  get^ 
7=71  -hPo  %  +-y  _  1  — JT—  +  Po  Vo   -^^ 
=  H  +  p,v,  |  +  ^\-|  +  ^. 
Solving  this  with  reference  to  E,  cancelling,  and  arranging,  we  get: 

T'   rp                                                              rp   rp  rp 

«  /  I    -*'5  TT-  y  ■'■I-'!    •*■'  XT 
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As  the  expansion  of  the  air  from  p,j  to  p,  takes  place  without  gain 
or  loss  of  heat,  we  have : 

y  y  ' 


r T 


^2  ^  ^Po 

Consequently 


^=.-^p--.^.{i-(^'/"^}-^- 


(2. 


In  order  to  get  an  expression  for  H  in  terms  of  tl^  volume  and 
pressure  of  the  air,  let  us  assume  that  the  change  of  pressure  in  the 
external  air,  between  the  top  and  the  base  of  the  chimney,  is  effected 
without  gain  or  loss  of  heat.  The  variation  in  Ihe  pressure  of  the 
air,  corresponding  to  an  infinitely  small  increment  of  the  height 
above  the  surface,  is  given  by  the  equation : 

8  dh  =^  —  dp. 

But,  according  to  our  assumption, 

1  ^ 

Substituting  this  value  for  ^  in  the  preceding  equation,  we  get : 

1 

dh  =  ~p^v^JL^ 

y 


Integrating  between  the  limits  o  and  H  for  h,  p^,  and  p.^  for  p, 
we  get : 

1  _1 


x^ 
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Substituting  this  value  for  H'm  equation  (2),  we  get: 

Or 

u^         __  Z  —  T. 


(3.) 


^-2g  =  H  —f;-  (4.) 

If  one  kilogram  of  air  at  J|,  were  allowed  to  pass  from  the  pres- 
sure p,)  to  the  pressure  p,,  expanding  without  gain  or  loss  of  heat, 
its  temperature  would  be  reduced  to  T'j,  and  it  would  suffer  a  loss 
of  intrinsic  energy  (ij,  —  i,),  which  would  be  equal  to  the  work  of 
expansion  (  W^),  and  this  work  would  be  entirely  absorbed  in  increas- 
ing the  actual  energy  of  the  air.  An  expression  for  the  actual  energy 
of  the  issuing  air,  under  these  circumstances,  could  be  obtained  by 
adding  to  the  work  of  expansion  the  work  of  propulsion  of  the 
atmosphere,  and  subtracting  from  their  sum  the  work  of  the  back 
pressure.     Thus : 

K  =  W\  .+  TF,  -  W\. 
But 


TPp=   W;=^o^o, 

w. 

-I. 

_    Po  ^'o     ^0  —   ^1            Po  ^0 

7-1     n     -y-1 

W.  =  I„  —  l=  -&^   ^0—  "'  =  ^^^    U    —{^)      ^         I  . 
Making  the  necessary  substitutions  and  arranging,  we  obtain : 


E=  — ^ 


1  ^» '«  {  1  -  (p-p     '      }=H.  (-3.) 


The  work  of  lifting  one  kilogram  of  air  through  the  height  of  the 
chimney  is  equal  to  the  actual  energy  which  the  same  weight  of  air 
would  acquire  in  passing  without  gain  or  loss  of  heat  from  the 
pressure  Pd,  at  the  temperature  7^„  to  the  pressure  p^-  As  the  dif- 
ference in  pressure  between  the  base  and  the  toj)  of  the  chimney  is 
due  wholly  to  the  action  of  gravity,  the  conclusion,  just  stated,  is 
one  which  we  might  have  expected.  It  nuiy  be  expressed  in  other 
words  by  saying  that  the  work  of  gravity  outside  of  the  chimney,  in 
the  descending  current  of  cold  air  which  restores  the  equilibrium 
destroyed  by  the  draught  of  the  chimney,  is  equal  to  the  work  of 
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gravity  overcome  by  the  heated   current  of  air  rising  within  the 
chimney. 

It  is  evident  from  the  foregoing  that  the  actual  energy  of  the  hot 
air  issuing  from  the  chimney  is  derived  wholly  from  the  heat  im- 
parted to  the  air,  and  that  its  amount  relatively  to  the  work  of 

T T 

gravity  is  exjjressed  by  the  fraction     "     — ?,  a  fraction  which  may 

have  values  greater  or  less  than  unity,  as  T^  is  greater  or  less  than 
IT . 

The  analogy  is  evident  between  these  results  and  those  obtained 
in  a  previous  discussion  of  the  work  performed  in  heating  the  blast.* 
The  balance  of  work  favoring  the  movement  of  the  air  (neglecting 
the  work  of  gravity),  if  cold  air  were  made  to  pass  up  the  chimney, 
is  analogous  to  the  work  of  the  blowing-engine.  The  actual  energy 
wdiich  the  cold  air  would  possess,  under  these  circumstances,  in  leav- 
ing the  chimney  is  analogous  to  the  actual  energy  of  the  jets  of  cold 
blast.  In  the  chimney,  however,  this  energy  is  completely  absorbed 
in  overcoming  the  adverse  work  of  gravity,  while  in  the  case  of  the 
hot   blast  it  remains  intact,  to  be  increased  by  the  actual  eiiergy 


transformed  from  heat.  In  both  cases  the  expression  for  the  amount 
of  actual  energy  derived  from  the  heating  of  the  air  is  the  same.  In 
the  case  of  the  chimney  this  constitutes  all  of  the  actual  energy  of 
the  issuing  air,  while  in  the  hot-blast  oven  it  adds  itself  to  the  actual 
energy  communicated  by  the  blowing-engine.  The  analogy  is  appa- 
rent, also,  in  the  accompanying  diagram  representing  the  changes  in 
the  pressure  and  volume  of  the  air.  It  is  evident  that  the  work  of 
gravity,  like  the  work  of  the  blowing-engine,  is  represented  by  the 
area  2?o  %  ^i  Pi  (corresponding  to  the  area  p^ab  p^,  in  the  diagram  on 
p.  323,  vol.  vi),  and  that  the  energy  transformed  from  heat  is  repre- 
sented by  the  area  v,^  v^  v^  v^  on  the  accompanying  diagram  (cor- 
responding to  the  area  a  c  d  b).    This  area  represents,  consequently, 

*  Transiictions  of  the  American  Institute  of  Mining  Engineers,  vol.  vi,  p.  313. 
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the  actual  energy  of  the  issuing  air.  A  difference  between  tliis  dia- 
gram and  the  similar  one  illustrating  the  effect  of  heating  the  blast 
is  in  the  much  smaller  curvature  in  the  former  of  the  lines ?;^,^'l  and 
**2  ^'3  (corresponding  respectively  to  the  lines  a  b  and  c  d  o^  the 
other  diagram),  representing  the  adiabatic  expansion  of  the  air.  The 
curvature  of  each  of  these  lines  is  indeed  so  small  that  its  diverg-ence 
from  a  straight  line  would  be  inappreciable,  and  it  has  been  drawn 
as  a  straight  line  on  the  diagram.  This  is  due  to  the  fact  that  in 
the  case  of  the  chimney  the  difference  in  pressure  is  an  extremely 
small  fraction  of  the  normal  pressure.  In  consequence  of  this  it  has 
also  been  necessary  to  construct  the  ordinates,  representing  pressures, 
on  a  much  larger  scale  than  in  the  diagram  for  the  hot  blast. 

It  is  clear  from  the  foregoing  discussion  that  in  equation  (4)  E 
represents  the  energy  of  the  issuing  hot  air.     As  the  expression  for 

^j  is  the  same  as  that  for  the  height  of  a  column  of  air  of  the 

density  ^3,  which  would  cause  the  velocity  of  efflux  u,  the  equation 
giving  the  value  of  E  expresses  also  the  head,  measured  in  hot  air, 
which  the  chimney  can  create.  I  call  attention  to  this  fact  because 
some  confusion  has  existed  with  regard  to  it.     It  has  been  supposed 

T T 

that  the  expression  which  we  have  obtained  far  E,  viz.,  H — Sti — ^' 

represents  the  head  produced  by  a  chimney  measured,  not  in  hot  air, 
but  in  cold  air  of  the  temperature  T^,,  and  that  u  represents  in  con- 
sequence the  velocity  with  which  the  cold  air  flows  into  the  furnace. 
In  the  files  of  Engineering  for  1878  and  1879  will  be  found  a  dis- 
cussion by  partisans  of  these  two  theories.  Even  Peclet  fell  into 
error  upon  this  subject.    In  the  third  edition  of  his  Traite  de  la  Cha- 

T T 

lew  he  states  that  the  formula  i?  ~Sp — "  represents  the  head  in  cold 

air  which  a  chimney  can  produce,  basing  his  conclusion  on  some 
experiments  which  he  had  made  to  determine  the  comparative  ve- 
locity of  efflux  of  cold  and  of  hot  air.  These  experiments,  however, 
as  he  admitted,  were  lacking  in  exactness,  as  the  temperature  was 
merely  estimated,  not  measured.  In  the  fourth  edition  of  Peclet's 
work,  the  editor,  M.  A.  Hudelo,  proves,  by  a  discussion  based  upon 
the  principles  of  thermodynamics,  that  the  expression  referred  to 
must  represent  the  head  in  hot  air. 

By  comparing  the  amount  of  heat  converted  into  work  by  thecl)im- 
ney  with  the  total  expenditure  of  heat,  we  can  get  an  idea  of  the 
efficiency  of  the  chimney  as  a  heat-engine. 
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To  each  kilogram  of  air  there  is  imparted  by  the  chimney  a  qnan- 

T T      . 

tity  of  actual  energy   equal  to  H  —^m — -    kilogr ammeters.       The 

T^ T 

quantity  of  heat  thus  converted  into  work  is  equal  to  AH     "  ^ — - 

in  which  expression  A  represents  the  heat  equivalent  in  calories  of 
one  kilograrameter. 

The  total  expenditure  of  heat  is  represented  by  the  expression 
8p  [T.^  —  r,,).  The  ratio  between  these  two  quantities  is  the  coeffi- 
cient of  useful  effect  of  the  chimney  as  a  heat-engine. 

AH  ^~~  ^° 


T 
C  = 


But 


Consequently 


^p{T^  —   ^o) 


C  =  '^~^  -^  =  0.29  ,^  =  0.0000363  H 
1      l^Vg  /991 


The  denominator,  p^,  r„  =  7991,  represents  the  height  in  meters  of 
a  column  of  air  at  the  uniform  density  8„,  which  would  produce  the 
normal  atmospheric  pressure  p„.  As  H  represents  the  height  of 
the  chimney,  which  rarely  exceeds  100  meters,  it  is  evident  that  even 
for  the  highest  chimnevs  the  coefficient  of  useful  effect  is  extremely 
low. 

If,  for  instance,  if  =  50  meters,  C  =  0.001814.  In  this  case  the 
heat  utilized  is  lass  than  two-thousandths  of  the  heat  expended. 

It  is  worthv  of  remark  that  the  coefficient  of  useful  effect  of  a 
chimney,  as  a  heat-engine,  depends  only  upon  the  height  of  the 
chimney,  to  which  it  is  directly  proportional,  and  that  it  is  entirely 
independent  of  the  temperature  within  the  chimney. 

To  explain  this  low  degree  of  efficiency  let  us  substitute  in  the  ex- 
pression for  (7  the  value  of  H  given  by  equation  (5). 

7—1 

The  low  degree  of  efficiency  of  the  chimney  is  due  to  the  very 
slight  fall  of  temperature  which  the  air  suffers  in  exi)anding,  and  this 
is  occasioned  by  the  small  difference  between  the  atmospheric  pressure 
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at  the  top,  and  that  at  the  base  of  the  cliimney.  A  chimney  might  be 
compared,  in  this  respect,  to  a  non-condensing  steam  engine,  in  which 
the  pressure  of  admission  of  the  steam  was  but  a  few  grams  per 
square  centimeter,  or  an  ounce  or  two  to  the  square  inch. 

To  see  how  small  these  diiferences  of  temperature  and  pressure 
are,  let  us  determine  them  for  a  special  case.  Let  H  =  50  meters, 
T,  =  546°,  consequently  t,  =  273°  C. 


r  —  l 

_3    _ 

--'  =  ( 

'Pa    7    _  1  _  y  —  1    ^^ 

2 

7'        ^ 

-^0 

To^                      y     Po  ^0 

0  •^9 

P2  =  0.99376  Pq  =  10268.48  kilograms  per  square  meter. 
Po  —  P2  =^  0.00624  Pq  =  64.48  kilograms  per  square  meter. 
7;  =  0.9982  7;  =  545°,  t^  =  272°. 
t[  =  0.9982  7;  =  272.5°,  ^1  =  —  0.5°. 
t,  —  ^3  =  1°. 
t^  —  t,  =  0.5°. 

The  fall  in  the  temperature  of  the  air,  in  consequence  of  its  ex- 
pansion as  it  rises  in  a  chimney  50  meters  high,  is  only  1°  C,  when 
its  initial  tem[)erature  is  273°  C;  but  even  the  small  quantity  of 
heat  corresponding  to  this  decrease  of  temperature  is  twice  as  great 
as  that  ultimately  converted  into  work,  for  the  compression  of  the 
external  air  from  j).^  to  p^,  according  to  our  assumption,  causes  its 
temperature  to  rise  half  a  degree  from  T^  to  T^,. 

A  common  method  of  measuring  the  efficiency  of  a  heat-engine  is 
the  determination  of  the  consumption  of  fuel  which  it  requires  per 
hour  and  per  horse-power. 

We' can  estimate  this  quantity  for  a  chimney:  Let  n  =  the  num- 
ber of  kilograms  of  air  delivered  by  the  chimney  per  second,  and  let 
H.P.  =  the  horse-power  of  the  chimney.  An  engine  of  1  horse- 
power is  capable  of  performing  a  work  of  75  kilogrammeters  per  sec- 
ond : 

75  7;     • 

Let  b  =  the  number  of  kilograms  of  coal  burned  per  hour,  and 
c  ^=  the  number  of  calories  utilized  in  heating  the  air  per  kilogram 
of  fuel  burned. 

VOL.  X.— 17 
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It  is  evident  that  he  =  the  amount  of  heat  absorbed  per  hour  by 
the  air.  But  this  quantity  of  heat  must  equal  the  product  of  the 
weight  of  air  heated  by  its  specific  heat  aud  by  the  rise  in  its  tem- 
perature.    We  have  thus : 

'  he  =  3600  n  X  0.2375  X  (T^,—  T^- 

From  this,  and  the  expression  for  H.P.  given  above,  we  obtain : 

h     _  75  X  3600  X  0.2375  X  7{,  _  17507125  ..  >^ 

TLP. da.  ~       cH  ^  '' 

Tf  c  :=  8000  calories,  rather  a  high  estimate, 


If  H  =^  50  meters 


b      _  2188 
H.P.  ~~    H  ' 


^      =  43.8. 


H.P. 


The  consumption  of  fuel  required  by  a  chimney  of  this  height  to 
supply  the  power  for  producing  the  draught  is  43.8  kilograms  per 
horse-power  per  hour;  more  than  forty  times  the  consumption  of  the 
best  modern  steam  engines.  It  is  true  that  in  the  case  of  the  chim- 
ney the  power  is  applied  directly  to  the  air,  and  that,  in  consequence, 
the  loss  in  its  transmission  through  mechanism  is  avoided ;  but  this 
advantage  is  very  far  from  compensating  the  chimney's  low  degree 
of  efficiency  as  a  heat  engine.  Assume,  for  instance,  that  a  fan  with 
a  coefficient  of  useful  effect  of  but  0.25  is  driven  by  a  steam  engine 
of  comparatively  low  efficiency,  consuming  4  kilograms  of  coal  per 
indicated  horse-power  per  hour;  the  consumption  of  fuel  in  this 
case  would  be  16  kilograms  per  effective  horse-power  per  hour,  less 
than  two-fifths  of  that  required  by  the  chimney. 

Even  for  mines,  where  H,  representing  the  depth  of  the  upcast 
shaft,  can  much  exceed  the  height  of  the  highest  chimney,  furnace- 
ventilation  can  be  proved  to  be  theoretically,  as  it  has  been  found 
practically,  inferior  in  efficiency  to  mechanical  ventilation,  except 
for  very  great  depths.  Gruibal  fans  have  been  found  to  give  a  coeffi- 
cient of  useful  effect,  varying  from  0.30  to  nearly  0.75.  Assume  a 
coefficient  of  only  0.40,  and  a  steam  engine  as  motor  requiring  as 
much  as  4  kilograms  of  coal  per  indicated  horse-power  per  hour ; 
mechanical  ventilation  would,  under  these  circumstances,  require  a 
consumption  of  10  kilograms  of  coal  per  effective  horse-power  per 
hour. 
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In  the  case  of  furnace-ventilation  the  amount  of  heat  utilized  in 
heating  the  air  to  the  mean  temperature  of  the  upcast  shaft  is  not 
likely  to  exceed  5000  calories  per  kilogram  of  coal  burned. 

The  depth  of  shaft,  at  which  furnace-ventilation  would  equal  in 
efficiency  the  imperfect  type  of  mechanical  ventilation  described 
above,  can  be  obtained  by  substituting  for  c  in  equation  (6)  5000, 

and  for  ^--7^  10,   and  solving  the  equation  with  reference   to   H. 
Jx.lr. 

thus: 

11=  17507125.  _  350. 
10  X  5000 

It  would  require  a  shaft  350  meters  deep  to  render  furnace  venti- 
lation as  efficient  as  mechanical  ventilation  of  this  comparatively 
imperfect  type. 

Suppose,  now,  that  the  fan  has  a  coefficient  of  0.60,  and  that  it  is 
driven  by  a  compound  condensing  engine  of  the  best  modern  con- 
struction, requiring,  say,  1.2  kilograms  of  coal  per  indicated  horse- 
power per  hour ;  in  this  case  1  effective  horse-power  would  be  de- 
veloped by  the  combustion  of  2  kilograms  of  coal  per  hour.  Let 
us  also  suppose  that  the  furnace- ventilation  could  be  so  improved 
that  6000  calories  could  be  utilized  for  each  kilogram  of  coal  burned  ; 
under  these  conditions  the  depth  of  shaft,  at  which  the  efficiency  of 
the  furnace  would  equal  that  of  the  fan,  would  be  given  by  the  equa- 
tion: 

^^17507125^,,^, 
2  X  6000 

This  latter  value  for  JI  (1459  meters)  considerably  exceeds  any 
depth  as  yet  attained  in  mines. 

The  reason  for  this  inferiority  of  furnace-ventilation  is  evidently 
the  same  as  the  cause  of  the  chimney's  small  efficiency.  The  diffiir- 
ence  between  the  pressure  of  the  air  at  the  bottom  of  the  deejjest 
shaft  and  that  at  the  surface  is  so  small  a  fraction  of  the  former,  that 
the  fall  in  temperature  of  the  air,  owing  to  its  expansion  as  it  rises 
in  the  upcast  shaft,  is  a  very  small  fraction  of  the  absolute  tempera- 
ture which  it  possesses  when  it  enters  the  shaft.  Consequently,  a 
very  small  portion  of  the  heat  communicated  to  the  air  is  utilized  by 
conversion  into  work.  This  fact  does  not  seem  to  have  been  clearly 
apprehended  by  all  writers  on  the  subject.  Andre,  for  instance,  in 
comparing  the  two  methods  of  ventilation,  remarks  :  "  With  a  prop- 
erly constructed  furnace  and  a  fairly  dry  shaft  it  is  hard  to  see,  when 
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we  consider  how  the  heat  is  applied  in  the  two  cases,  how  the  advan- 
tage can  be  on  the  side  of  the  machine."* 

To  return  to  the  chimney;  it  is  evident  from  our  discussion  that 
it  is  a  most  wasteful  form  of  heat-engine,  and  that  a  certain  supply 
of  air  can  be  furnished  by  a  fan,  or  other  blowing  machine,  with  a 
smaller  expenditure  of  heat  than  by  a  chimney.  It  may  seem  sur- 
prising, in  view  of  these  facts,  that  chimneys  have  not  long  since 
been  superseded  by  more  perfect  apparatus  for  producing  currents  of 
air.  It  must  be  borne  in  mind,  however,  that  to  realize  the  full 
economy  incident  on  the  substitution  of  a  fan  for  a  chimney  it  is 
necessary  that  all  the  heat  be  utilized  which  would  otherwise  escape 
through  the  chimney.  The  temperature  of  the  products  of  combus- 
tion of  the  fuel  must  be  reduced  to  that  of  the  external  atmospliere 
before  they  are  allowed  to  escape,  and  the  heat  thus  abstracted  from 
them  must  be  applied  to  some  useful  purpose.  This  is  frequently 
impracticable.  Owing  to  the  disagreeable  and  deleterious  nature  of 
the  gases  issuing  from  furnaces  it  is  frequently  necessary  that  they 
be  discharged  at  a  considerable  height  above  the  surface,  in  order 
that  they  may  be  diluted  with  much  pure  air  before  coming  into  con- 
tact with  animal  or  vegetable  organisms.  A  chimney  of  some  kind 
is,  therefore,  in  general  a  necessity  ;  and,  since  it  is  frequently  im- 
practicable to  utilize  completely  the  heat  of  the  gases  of  combustion 
before  they  reach  the  chimney,  it  is  plain  that  in  such  cases  it  is  well 
to  apply  to  the  generation  of  a  draught  the  heat  which  would  other- 
wise be  wasted.  Add  to  this  the  fact  that  a  well-designed  and  well- 
constructed  chimney  requires,  after  being  once  put  into  operation, 
very  little  care  or  expense,  continuing  steadily  and  automatically  to 
produce  a  draught,  as  long  as  the  fire  is  properly  tended,  and  it 
will  be  seen  that  its  retention  is  in  many  cases  justifiable  on  the  score 
of  economy.  Indeed,  in  many  instances  where  fan-blast  has  been 
substituted  for  chimney-draught,  the  governing  motive  has  been,  I 
conceive,  not  economy  in  the  performance  of  the  work  of  supplying 
the  air,  but  rather  the  attainment  of  other  advantages  incident  on 
the  use  of  blast;  chief  among  these  are  a  greater  facility  of  control- 
ling the  combustion  in  the  fireplace,  and  the  avoidance  of  an  in- 
draught of  air  through  the  furnace  doors.  This  latter  advantage 
may  prevent  waste  of  a  much  more  valuable  material  than  coal, 
namely  iron,  as  in  the  puddling  or  heating  furnace. 

Notwithstanding  all  this,  however,  it  may  be  safely  stated  as  a 

*  A  Practical  Treatise  on  Coal  Mining,  page  497. 
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souikI,  general  rule  of  practice,  that  fireplaces  and  furnaces  on  a  large 
scale  should  be  so  designed  that  no  heat  which  can  be  otherwise 
utilized  shall  be  applied  to  the  j)roduction  of  draught  through  the 
chimney.  The  application  of  this  rule  would  result  in  substituting 
fans  or  other  blowing  machines  for  chimneys  in  some  cases,  in 
others  it  would  cause  the  chimneys  to  be  designed  with  large  dimen- 
sions, so  that  they  could  produce  the  requisite  draughts  with  a  com- 
paratively low  temperature  of  the  escaping  gases. 

By  changing  the  usual  arrangement,  and  placing  the  chimney  be- 
tween the  fireplace  and  the  furnace,  it  would  be  theoretically  pos- 
sible to  produce  draught  by  a  chimney  without  any  waste  of  heat. 
The  efficiency  of  the  chimney  as  a  heat-engine  would  not  thereby  be 
improved,  but,  as  the  heat  rejected  by  it  would  be  utilized  in  the 
furnace,  the  result  would  be  a  complete  utilization  of  the  heat,  pro- 
vided the  temperature  of  the  gases  could  be  reduced  to  that  of  the 
external  atmosphere  before  they  left  the  furnace.  There  would  be 
the  further  advantage  that  a  chimney  of  given  dimensions  would 
produce  a  more  active  draught  than  by  the  usual  arrangement,  since 
the  gases  within  it  would  be  very  hot,  having  very  nearly  the  tem- 
perature of  the  fireplace.  To  produce  a  certain  draught,  therefore, 
a  smaller  chimney  would  suffice.  The  structural  difficulties,  how- 
ever, connected  with  this  arrangement,  since  it  would  require  the 
furnace  to  be  built  on  a  level  with  the  top  of  the  chimney,  would  in 
most  cases  render  it  inapplicable.  Besides  this,  it  would  be  difficult 
in  practice  to  avoid  a  considerable  waste  of  heat  by  transmission 
through  the  walls  of  the  chimney,  filled,  as  it  would  be,  with  highly- 
heated  gases.  It  is  possible,  however,  that  under  some  exceptional 
conditions  it  might  be  advisable  to  adopt  this  arrangement. 


mSTEUMENTS  FOB  PROJECTION'  DBAWINO. 

BY  PROFESSOR  J.    M.    SILLIMAN,    LAFAYETTE   COLLEGE,    EASTON,    PA. 

IsoMETRiCAL  drawing  and  clinographic  projection  are  generally 
preferred  to  perspective  drawings  for  re])resentation  of  small  objects 
or  complicated  mechanisms,  as  they  present  to  the  eye  a  sufiiciently 
accurate  picture  of  the  object,  while  they  possess  great  advantages 
over  perspective  in  the  simplicity  and  rapidity  of  execution,  and  the 
facility  they  give  for  taking  measurements  directly  from  the  draw- 
ings. 
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The  object  of  the  instrument  here  described  is  to  facilitate  con- 
structions to  any  desired  scale  in  isonietrical  drawing,  cabinet  and 
crystallographic  projection,  and  stress  diagrams  in  graphical  statics. 
As  shown  in  the  acco>mpanying  drawing  (Fig.  1),  it  consists  of  a 
frame,  which  may  be  readily  clamped  to  any  drawing-board,  having 
at  its  further  extremity  an  accurately  turned  revolving  cylinder  A, 
actuated  by  an  adjustable  spring  B,  which  tends  to  wind  upon 
it  the  two  fine  wires  shown  at  c  c,  which,  passing  through  the  eyes 
D,  are  attached  to  the  drawing-frame  by  clamping  screws.  This 
frame  is  adjusted  so  as  to  bring  its  edge  PP  parallel  to  the  line  DD 

Fig.i 
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through  the  eyes.  The  frame  may  be  freely  moved  to  any  part  of 
the  drawing-board,  the  wires  while  winding  or  unwind'ing  being 
kept  taut  by  the  action  of  the  spring. 

The  eyes,  through  which  the  wires  pass,  are  turned  by  a  tool 
whose  cutting  edges  are  quadrants,  so  that  a  uniform  distance  may  be 
maintained  between  the  points  of  contact  at  the  eyes  when  the  frame 
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is  swung  to  the  right  or  left,  and  there  will  be  no  kinking  of  the 
wires.  A  section  of  one  of  the  eyes  on  a  larger  scale  is  shown  at  D'. 
By  this  arrangement  all  the  edges  of  the  drawing-frame  preserve 
their  parallelism  in  all  positions  on  the  board.  The  drawing-frame 
is  rectangular,  having  graduated  edges  bevelled  to  3V"  thickness 
that  they  may  be  used  both  as  scales  and  rulers.  The  movable  arms 
i^i^  can  be  clamped  at  any  angle,  and  are  shown  in  position  for  iso- 
metrical  drawing. 

For  cabinet  projection  an  arm  may  be  clamped  in  any  assumed 
direction  for  the  projection  of  the  co-ordinate  line  which  is  perpen- 


dicular to  the  plane  of  the  paper.  In  the  execution  of  these  draw- 
ings, any  line  parallel  to  a  co-ordinate  axis  may  be  constructed  by 
moving  to  the  required  point  the  zero  point  of  the  edge  set  to  that 
axis,  when  the  line  of  any  desired  length  may  be  immediately  drawn. 
One  set  of  edges  is  divided  into  ^\" ,  and  the  other  set  parallel  to 
the  first  into  3^";  thus  enabling  the  construction  of  drawings  on  a 
great  variety  of  scales. 
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By  adding  to  the  frame  two  arms  pivoted  at  PP,  moving  out- 
wards from  the  vertical,  and  by  setting  one  in  the  direction  of  a  ray 
of  light  as  projected,  and  the  remaining  three  in  the  directions  of 
the  projections  of  the  ray  on  the  co-ordinate  planes,  the  outlines  of 
shadows  may  be  rapidly  drawn.  The  side  arms  may  also  be  advan- 
tageously used  in  construction  of  stress  diagrams  in  graphical  statics. 
The  drawing-frame  can  be  temporarily  removed  from  the  board  by 
simply  inverting  it  over  the  roller. 

The  drawing  of  crystals  is  greatly  facilitated  by  the  use  of  a  frame 
actuated  on  the  same  principle,  provided  with  edges  having  the  re- 
quired directions  and  graduations  to  represent  the  axes  of  crystals 
in  the  rectangular  and  hexagonal  systems.  Forms  for  this  purpose 
intended  for  use  with  the  T  square  are  shown  in  Figs.  2  and  .3. 
The  first  is  for  the  drawing  of  crystals  in  all  the  systems  except  the 
hexagonal,  and  the  second  for  the  hexagonal.  In  these  the  edges 
have  the  directions  of  the  projections  of  the  axes  and  the  required 
graduations  ;  the  zero  points  of  the  scale  being  on  the  same  horizontal 
line  XY,  so  that  by  sliding  the  scale  along  the  T  square,  the  axes 
may  be  successively  drawn  to  any  scale,  and  any  measurements  re- 
quired during  the  drawing  of  a  crystal  may  be  readily  made. 

In  drawing  crystals  in  the  isometric  system  it  is  frequently  con- 
venient to  make  use  of  an  auxiliary  circumscribing  cube,  the  lower 
front  right  corner  of  which  may  be  pricked  off  on  the  scale  AB 
while  the  point  0  of  the  scale  on  the  left  is  at  the  centre. 
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BY  O.    B.   HARDEN,    PHILADELPHIA. 

In  working  out  the  geological  structure  of  a  complicated  district, 
where  the  problems  are  difficult  to  solve  by  the  ordinary  methods  in 
use,  a  model,  upon  which  all  the  geological  and  topographical  data 
may  be  put,  will  be  found  of  great  value,  bringing,  as  it  does,  all 
the  facts  in  their  proper  relationship  at  once  under  the  eye.  In 
the  teaching  of  structural  geology,  also,  a  model  is  of  great  value, 
since  the  student  can  thus  have  before  him,  in  miniature,  a  repre- 
sentation of  the  rocks,  as  he  would  see  them  in  place.  Topographi- 
cal models  may  often  be  useful  in  suits  at  law  for  damages  in  rail- 
road accidents,  or  for  trespass  against  mining  companies,  etc.,  in  order 
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to  show  the  jury  an  accurate  representation  of  the  surface  or  un- 
dergrounfl  features  in  dispute  before  them,  without  going  out  of 
court;  and,  in  any  case  where  a  more  graphic  representation  is 
needed  than  is  given  by  an  ordinary  map,  as,  for  example,  when  a 
board  of  directors  wishes  to  know  the  precise  positions  of  mines, 
furnaces,  or  other  pieces  of  property,  a  model  answers  all  require- 
ments. A  good  model  has,  furthermore,  an  aesthetic  value,  for,  when 
colored  to  nature  and  tastefully  framed,  it  is  not  only  a  work  of  sci- 
ence, but  of  art. 

The  method  here  described  is  that  adopted  by  Professor  Lesley 
in  modelling  for  the  Second  Geological  Survey  of  Pennsylvania,  and 
is  very  ready  and  accurate.  The  prerequisite  to  a  good  model  is, 
of  course,  a  good  map,  with  the  elevations  represented  by  contour 
lines.  Intervals  between  contours  corresponding  to  a  difference  of  10, 
20,  or  100  feet  in  altitude  will  be  found  most  useful,  according  to  the 
scale  adopted.  In  a  strictly  accurate  model  the  vertical  and  horizon- 
tal scales  would  be  the  same,  for,  if  the  vertical  be  larger,  the  height  of 
the  mountains  and  dip  of  the  rocks  will  be  exaggerated ;  but  where 
a  large  area  of  country  is  modelled,  the  height  of  the  mountains  and 
ridges  bears  such  a  small  ratio  to  the  area  to  be  represented  that  such 
a  model  seems  very  flat,  and  conveys  but  a  faint  idea  of  the  toj)og- 
raphy  as  it  would  appear,  to  any  one  but  an  experienced  topographer, 
in  walking  over  the  ground.  The  vertical  scale  is,  therefore,  advan- 
tageously made  greater  than  the  horizontal,  to  give  the  general  im- 
pression which  the  topographical  features  would  have  in  any  partic- 
ular locality.  The  models  of  the  Survey,  with  one  or  two  exceptions, 
have  been  made,  however,  with  both  scales  alike. 

A  base  large  enough  to  represent  the  area  to  be  modelled  is  made 
by  screwing  planed  boards  together  of  a  sufficient  thickness  for 
strength.  The  lowest  contour  line  is  then  traced  upon  the  base  with 
a  stylus  and  black  paper,  care  being  taken  to  register  correctly  as 
often  as  the  map  is  laid  upon  it.  The  lumber  used  by  cigar-box 
makers  is  best  suited  for  modelling,  if  of  a  thickness  required  by  the 
vertical  scale,  and  it  can  be  obtained  planed  to  order  without  extra 
expense.  The  thinnest  boards  obtainable  will  average  about  y'g  of 
an  inch  in  thickness.    On  a  scale  of  1600  feet  to  an  inch  a  board  ^V  of 

I  h 

an  inch  thick,  will,  of  course,  represent  100  feet  in  height.  The 
lowest  contour  lino  and  the  one  next  above  it  are  then  traced  ujion  a 
board,  or  boards,  cut  the  exact  size  of  the  base,  and  temj)()rarily 
nailed  uj)on  it.  The  board  is  then  cut  along  the  lower,  or  outer 
one,  of  the  two  contours  (following  the  windings  of  the  line  with 
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great  care)  with  a  little  jig-saw,  such  as  is  used  for  making  scroll 
work,  brackets,  etc.  The  upper,  or  inner,  line  is  left  to  register  the 
next  layer  of  boards.  After  the  board  is  marked,  a  few  dowel  holes 
should  be  put  through  it  with  an  awl,  into  the  boards  below,  to  in- 
sure the  pieces  going  into  their  proper  places  after  being  cut.  The 
board  is  nailed  to  the  base  with  little  sprigs,  enough  sprigs  being 
used  to  prevent  the  boards  from  springing.  A  magnetic  hammer 
can  be  used  to  advantage  in  lifting  the  sprigs,  and  putting  them  in 
place.  Care  must  be  taken  not  to  split  oflp  the  ends  of  the  boards 
where  they  form  the  end  of  a  mountain  or  ridge.  Should  this  occur, 
they  can  be  stuck  on  with  glue,  which  should  also  be  used  where 
sprigs  would  split  the  board.  The  next  higher  contour  line  is  then 
taken,  and  so  on,  until  the  highest  elevations  on  the  map  are  reached. 
The  wax  for  shaping  the  model  is  made  of  the  following  ingredients: 
16  parts  of  yellow  beeswax,  8  parts  of  corn-starch,  1  part  of  Vene- 
tian red,  4  parts  of  Venice  turpentine,  and  1  part  of  sweet  oil.  This 
becomes  quite  plastic  by  the  warmth  of  the  hand,  and  is  put  on  all 
over  the  model,  filling  in  from  the  edge  of  one  board  to  that  of  an- 
other, until  it  presents  a  smooth  even  appearance,  and  a/oc  simile  of 
the  topography.  Considerable  care  and  time  are  required  in  rubbing 
on  the  wax.  No  more  should  be  put  on  than  is  required  by  the 
contours.  The  edges  of  the  boards  should  just  be  seen  through  the 
wax.  The  tools  used  in  the  waxing  are  bone  scrapers,  like  those 
used  by  moulders.  Elevations  of  less  than  the  thickness  of  a  board 
can  be  put  on  with  the  wax,  or  the  full  thickness  of  the  board  may 
be  put  on,  and  reduced  by  sandpaper,  as  required  by  the  elevation. 
The  model  is  then  varnished  with  shellac  and  rubbed  well  with  lin- 
seed oil,  care  being  taken  to  get  the  oil  into  all  the  low  places,  as 
on  this  depends  the  focility  with  which  the  negative  can  be  removed 
after  the  setting  of  the  plaster.  Care  must  also  be  taken  not  to  use 
too  much  oil,  as  an  excess  is  likely  to  cause  air-bubbles,  that  would 
produce  corresponding  depressions  in  the  plaster  negative.  Four 
strips  are  now  screwed  around  the  model,  so  as  to  be  plaster-tight  and 
high  enough  to  make  the  negative  of  sufficient  thickness  for  strength. 
The  model  is  then  made  level  on  the  floor  and  the  plaster  is  poured 
over  it.  The  plaster,  which  should  be  of  the  best  quality,  is  pre- 
pared by  mixing  with  water,  by  the  hand,  until  it  becomes  of  the 
requisite  stiffness,  nearly  approaching  a  paste,  though  liquid  enough 
to  pour,  and  is  free  from  all  lumps.  In  pouring  the  plaster,  care 
must  be  taken  to  avoid  the  formation  of  air-bubbles.  Should  there 
be  an  insufficiency  of  plaster,  more  should  be  mixed  and  poured  on 
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without  loss  of  time,  for  it  soon  sets ;  but  even  when  great  care  is  ex- 
ercised, the  two  portions  are  liable  to  separate  at  their  common  sur- 
face.    At  least,  this  will  be  a  weak  place  in  the  model.     Wiien  the 
plaster  has  set  to  the  condition  of  a  clay,  a  straight-edge  should  be  run 
over  the  top  of  the  sides,  to  take  off  the  superfluous  material  and  to 
make  the  bottom  of  the  negative  level.     It  is  then  left  to  dry  for 
half  an  hour,  after  which  the  side-pieces  may  be  taken  off,  and  the 
negative  removed  from  the  model.     Before  becoming  dry,  the  plaster 
may  be  made  perfectly  smooth  by  rubbing  with  a  linen  rag.     The 
negative,  after  being  allowed  to  dry  thoroughly,  is  scraped  with  tools 
made  for  the  purpose.     On  the  smoothing  up  of  the  negative  depends 
the  appearance  of  the  positive  after  casting.     In  the  negative,  of 
course,  the  mouiitains  appear  as  depressions,  and  the  valleys  as  ele- 
vations, and  if  too  much  plaster  is  taken  off  of  the  bottom  of  the 
negative,  it  makes  the  mountains  so  much  the  higher.     The  negative 
is  then  coated  with  shellac  varnish,  oiled  with  linseed  oil,  and  inclosed 
with  four  side-pieces,  high  enough  to  give  the  requisite  thickness  to 
the  model.     A  cast  is  then  made,  which,  when  dry,  is  ready  for  the 
scraping  process.     The  sides  are  also  smoothed  for  the  cross-sections. 
It  is  then  varnished,  and  is  ready  for  the  paint.     The  plaster  is  very 
fragile,  and,  when  large  models  are  made,  they  have  to  be  quite  thick. 
Great  care  has  to  be  taken  in  moving  them  to  avoid  any  straining  of 
the  parts.     The  corners,  too,  require  protection.     The  topographical 
features  may  be  put  on  first  in  pencil  as  a  guide  in  coloring.    Oil  colors 
are   used,  rubbed   up  with  drying  oil  and  turpentine.     Railroads, 
towns,  etc.,  may  be  represented  in  black  ;  the  streams  in  white.     The 
outcrops  of  the  different  geological  formations  are  put  on  in  appro- 
priate colors.     If  only  one  copy  is  needed,  the  wooden  model  maybe 
painted,  and  serve  as  well  as  a  plaster  cast,  only  that  the  wood  will 
shrink  in  time,  and,  perhaps,  crack. 

A  very  pretty  specimen  of  this  method  of  modelling  is  a  "  Geo- 
logical Model  of  part  of  Blair,  Bedford,  and  Huntingdon  Coun- 
ties, Pennsylvania,"  by  Mr.  E.  B.  Harden,  from  surveys  by  Mr. 
R.  H.  Sanders.  It  has  been  phototyped  by  Gntekunst,  of  Philadel- 
phia, and  published  in  the  Proceedings  of  the  American  Philosophic 
cal  Society,  number  109. 
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NOTES  ON  THE  BEHAVIOR  OF  MANGANESE  TO  CABBON. 

BY  WILLARD   P.  WARD,    A.M.,   M.E.,  SAVANNAH,  GEORGIA. 

I  DESIRE  to  put  on  record  a  fact  in  relation  to  the  effect  of  man- 
ganese on  pig  iron  which  I  have  never  seen  in  print,  and  which  may, 
perhaps,  not  have  been  observed  by  anyone  except  myself. 

In  1875,  while  experimenting  on  the  production  of  ferroman- 
ganese  in  a  blast  furnace,  I  had  burdened  the  furnace  with  a  charge 
which  I  calculated  would  produce  a  15-per  cent,  spiegel.  The  fur- 
nace was  veri/  hot,  having  been  running  for  a  couple  of  days  on  a 
very  light  burden,  and  making  a  burnt  iron,  preparatory  to  the 
experiment  I  proposed  to  make  to  produce  a  high  grade  of  spiegel. 
I  calculated  that  the  charge  would  begin  to  work  in  the  fur- 
nace in  about  twelve  hours  after  it  was  put  on.  After  the  lapse 
of  that  time  I  commenced  to  watch  the  furnace  carefully,  but  found 
little  or  no  change  in  the  appearance  of  the  metal,  although  there 
was  a  very  decided  change  in  the  cinder,  showing  that  the  man- 
ganese ore  had  come  in  work.  The  iron  was  quite  gray  and  very 
tough.  The  character  of  the  cinder  was  good  for  a  spiegel  cinder, 
and  I  could  not  imagine  where  the  manganese  was  going  to,  as  it  did 
not  appear  to  be  in  either  metal  or  cinder  in  anything  like  the  quan- 
tity indicated  by  the  charge.  The  next  morning  things  were  still  in 
the  same  condition.  The  furnace  was  very  hot,  the  cinder  good,  and 
the  iron  very  gray.  I  was  then  sorely  puzzled.  I  had  never  heard 
of  a  gray  iron  with  over  4  or  5  per  cent,  of  manganese,  and  had  no 
notion  that  an  iron  with  more  manganese  could  be  gray  and  tough. 
With  great  difficulty  a  piece  for  chemical  test  was  broken  from  a  pig. 
Not  less  than  a  hundred  blows  from  a  heavy  sledge  were  rfequired  to 
break  it  off.  I  took  the  specimen  to  the  shop  and  directed  that  some 
borings  from  it  should  be  brought  to  the  laboratory,  as  soon  as 
possible,  whither  I  myself  at  once  repaired  to  put  things  in  readi- 
ness for  a  rapid  manganese  determination.  In  about  half  an  hour 
the  machinist  came  in  with  the  iron  specimen  in  one  hand  and  about 
a  dozen  blunted  and  broken  steel  drills  in  the  other,  saying  that  it 
was  impossible  to  drill  the  iron.  There  were  several  little  depres- 
sions in  the  iron,  which  was  malleable  enough  to  be  indented  by  the 
point  of  the  drill,  but  not  a  chip  had  been  cut  from  it.  The  metal 
was  never  subjected  to  further  physical  tests.     A  chip  broken  from 
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a  sharp  corner  and  analyzed  showed  16  per  cent,  of  metallic  man- 
ganese. 

Not  long  after  it  occurred  I  mentioned  this  phenomenon  to  the 
late  Mr.  A.  L.  Holley,  who  said  that  he  had  never  heard  of  such 
characteristics  being  shown  by  so  high  an  alloy  of  iron  and  man- 
ganese. Other  gentlemen  in  the  steel  trade,  to  whom  I  have  men- 
tioned it,  were  equally  surprised. 

I  have  ah'eady  mentioned  that  the  furnace  was  abnormally  hot  at 
the  time,  and  this,  I  think,  accounts  for  the  whole  thing.  I  believe 
that  at  a  sufficiently  high  temperature  graphitic  carbon  will  separate 
from  manganese  pig  just  as  it  will  from  an  iron  pig  at  a  much  lower 
temperature.  If  the  temperature  at  which  the  metal  is  produced  be 
too  low,  carbon  will  not  separate  from  pig-iron.  Furnace  heat  is 
hardly  ever  high  enough  to  cause  the  separation  of  graphite  in  spie- 
geleiseti,  and  hence  it  has  seldom  been  observed.  When  the  metal 
is  produced  at  a  high  enough  temperature  to  allow  the  deposition  of 
graphite  in  spiegeleisen,  the  metal  is  tough  and  strong,  just  as  gray 
iron  is  tough  and  strong,  otherwise  the  metal  containing  combined 
carbon  is  hard  and  brittle,  just  as  white  iron  is  hard  and  brittle. 

In  discussing  the  effect  of  manganese  ou  steel  rails  this  observation 
may  be  of  some  value.  It  will  be  remembered  that  Dr.  Raymond, 
at  the  Virginia  meeting  last  spring,  in  the  discussion  of  Dr.  Dud- 
ley's paper,  showed,  by  the  application  of  the  method  of  least  squares 
to  a  hypothetical  equation,  tiiat  manganese  had  no  effect  on  the  wear 
of  the  rail.  Now,  if  we  admit  my  observation  of  facts  to  be  correct, 
we  have  a  practical  confirmation  of  this  mathematical  demonstra- 
tion. The  temperature  of  molten  wrought-iron,  which  prevails  in 
the  Bessemer  converter  when  the  spiegeleisen  is  added,  is  certainly 
higher  than  that  of  the  furnace  when  I  made  gray  manganese  pig, 
and  the  manganese  may  very  likely  exist  in  the  rail  in  the  same  con- 
dition that  it  did  in  my  pig  ;  if  so,  it  should  have  a  tendency  only 
to  make  the  rail  hard  and  tough,  thus  increasing  its  wearing  power, 
but  only  to  a  very  slight  degree,  as  the  amount  of  manganese  is  very 
small  in  proportion  to  the  iron.  Hardness  in  a  rail  cannot  be  ob- 
jectionable unless  it  is  accompanied  by  brittleness. 
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BY   W.   H.    ADAMS,   M.E.,    CHICAGO,   ILL. 

I  DOUBT  if  many  of  our  engineers  know  of  the  existence  of  coal- 
fields extending  over  hundreds  of  miles  of  territory  bordering  on 
and  Ivino;  contio-uous  to  the  Rio  Grande  River  in  Mexico.  Essential 
as  these  facts  are  to  those  contemplating  the  starting  of  industrial 
works  along  our  frontier,  1  have  not  been  able  to  learn  that  any  sur- 
veys or  examinations  liave  been  made  of  these  deposits,  and  I  trust 
the  preliminary  and  unofficial  investigations  lately  made  by  my- 
self may  be  found  of  interest,  especially  to  those  of  our  members 
whose  experience  has  been  with  poor  fuel,  or  in  districts  remote  from 
railway  facilities.  While  it  is  true  that  Northern  Mexico  is  gener- 
ally bare  of  charcoal-making  timber,  yet  no  greater  mistake  can  be 
made  than  to  condemn  the  light,  quick-growing  woods  found  in  pro- 
fusion, and  which  cannot  be  excelled  in  flame  or  heat-producing 
qualities  for  boilers,  reverberatory  furnaces,  or  hearths.  No  country 
could  be  surer  of  a  full  supply  of  wood  if  wise  legislation  in  regard 
to  irrigation  and  preservation  of  young  timber  were  adopted  and  en- 
forced, but  the  beueficiation  of  the  low-grade  ores  of  Mexico  de- 
mands a  more  dense  fuel  for  furnace  work,  and,  fortunately  for  metal- 
lurgists, who  will  hereafter  make  this  frontier  a  base  of  operations, 
there  have  been  disclosed,  near  the  surface,  seemingly  inexhaustible 
beds  of  semi-anthracite  and  bituminous  coals. 

No  extensive  openings  have  as  yet  been  made,  and  my  own  work- 
ings at  the  Cedral  mines  are  all  that  can  yet  be  said  to  prove  the 
quantity  and  quality  of  the  coal,  other  openings  furnishing  only 
corroborative  evidence.  Our  location  (one  hundred  and  ten  miles 
west  of  the  Rio  Grande  River)  is  on  the  western  line  of  the  depos- 
itory basin,  as  it  has  existed  since  the  period  of  activity  along  the 
volcanic  line.  The  region  farther  inland  I  have  not  examined,  but 
the  elevations,  as  a  rule,  are  much  greater,  though  from  the  nature  of 
the  formation,  they  are  not  necessarily  barren  ground. 

Beginning  at  the  base  of  the  Santa  Rosa  Mountains  (location  of 
the  Cedral  mines),  we  find  very  interesting  breaks  in  the  foot-hills, 
disclosing  the  stratified  rocks  from  the  volcanic  centres  to  the  valleys. 
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Nearly  every  inclination  of  dip,  from  horizontal  to  vertical,  tells  the 
story  of  plutonic  forces  exerted  for  an  incalculable  period  of  time; 
and  at  elevations,  for  from  fifty  to  seventy-five  miles  around,  we  find 
basaltic  lavas,  covering  the  foot  hills,  while  over  the  surface  of  the 
great  plains,  that  extend  two  hundred  and  fifty  miles  to  the  eastward, 
waves  of  trachytic  lavas  are  found  imbedded  in  deposited  limestone. 
The  seat  of  volcanic  action  can  be  perfectly  located  at  several  points 
along  the  range,  and  in  every  ease  the  eruptive  forces  have  laid 
bare  the  stratification  to  such  an  extent  that  there  is  no  difficulty  in 
locating  the  line  of  transition  rocks.  Dikes  of  slate  which  mark 
their  inner  boundary  are  found  invariably  at  certain  distances  from 
the  largest  known  deposits  of  silver-bearing  ore,  and  have  been 
pointed  out  by  myself  as  positive  indicators  of  the  presence  of  valu- 
able vein  matter,  inasmuch  as  the  strata  of  slate,  which  yield  readily 
to  pressure  without  losing  their  cohesiveness,  form  a  dam  or  wall, 
behind,  or  in,  which  all  metallic  substances  were  held  until  changed 
chemically  or  deposited  by  gravity  in  seams  of  the  easily  broken 
limestone.  No  better  instance  can  be  found  of  deposition  of  silver 
in  its  various  forms — sulphide,  chloride,  antimonide,  etc., — in  trans- 
ition slates  than  is  here  seen,  where  several  large  workings  are  open 
to  inspection.  From  their  nearness  to  the  coal  measures,  the  moun- 
tains, which  are  protruded  into  the  plains  at  this  particular  point, 
offer  a  great  novelty  in  producing  vertical  veins  of  coal  nearly  an- 
thracitic  in  character,  which  I  have  opened  to  a  depth  of  240  feet. 
Coal  of  a  more  bituminous  nature  is  found  outcropping  on  the  rivers 
thirty,  forty,  and  sixty  miles  to  the  eastward,  and  lignites  are  met 
with  in  many  places  over  a  wide  extent  of  country  drained  by  the 
Rio  Grande  River.  The  inference  is  that  the  heat  which  changed 
the  metamorphic  rocks,  drove  off  the  bitumen,  and  that  the  nearer 
one  approaches  the  mountain-line  the  better  is  the  product. 

The  rocks  may  be  classed  as  Triassic,  all  the  characteristic  fea- 
tures being  here  observable;  such  as  indurated  clays  of  varied  colors; 
gray  compact  limestones,  dolomitic  in  places;  variegated  and  even 
bright-red  sandstones,  silicious  and  argillaceous;  gypsum  in  beds; 
and  rock-salt  evidently  in  enormous  quantities  at  no  great  depths, 
as  the  streams,  pools,  and  lakes  are  more  or  less  saline  over  the 
entire  southern  portion  of  the  basin.  Artesian  wells  along  the 
line  of  the  Mexican  National  Railway,  about  Xampasos,  invariably 
show  salt  water  before  and  after  reaching  the  coal  seams,  and  brack- 
ish water  is  also  found  in  the  northern  belt-line,  while  the  central 
portion  affords  unlimited  supplies  of  pure  water  from  stratified  lime- 
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stone.  To  the  eastward,  breaks  in  the  horizontal  strata  disclose  sand- 
stone, shales,  fuller's-earth,  grit-stones,  etc.,  while  surface  openings  at 
several  points  along  the  Sabinas  River,  above  ordinary  water  level, 
show  veins  of  coal  of  good  workable  thickness  and  excellent  quality. 
The  amount  of  sulphur  contained  in  the  coal  is  considerable,  and 
finely  disseminated,  but  not  so  great  as  to  require  a  washing  opera- 
tion. ■ 

Passing  farther  to  the  east,  openings  have  been  made  about  Eagle 
Pass,  in  a  circuit  of  twenty  miles  in  Mexico,  and  notably  at  the  mouth 
of  Seco  Creek.  Surface  indications  are,  however,  observable  over  the 
plains  at  numberless  points  between  mountain-chain  and  river.  At 
Eagle  Pass  the  Permian  system  undoubtedly  commences,  the  gray 
and  green-white  sandstone  showing  itself  in  the  bed  of  the  river,  and 
at  several  places  along  the  E,io  Grande  River  the  opportunities  for 
observation  are  equally  perfect.  Here  the  character  of  the  coal 
changes,  and  lower  grades  of  bituminous  coal  and  shales  are  found 
in  wide  veins,  but  so  mixed  with  clay  and  grit  as  to  be  of  little  value 
commercially,  so  far  as  yet  developed.  I  cannot  believe  these  beds 
to  be  brown  coal  or  lignites,  as  generally  stated,  the  geological  for- 
mation being  certainly  too  old  for  lignite;  and  although  we  have 
examples  of  good  coal  in  the  Tertiary,  I  know  of  no  evidence  of  the 
presence  of  lignites  in  the  Permian. 

Down  the  river  more  recent  formations  outcrop,  and  in  the  neigh- 
borhood of  San  Antonio  true  brown  coals  of  woody  texture  are 
found.  Without  a  knowledge  of  the  lines  of  upheaval,  which  are 
generally  easily  traceable,  the  casual  observer  would  not  note  that 
Eagle  Pass  is,  say,  500  feet  higher  than  San  Antonio,  with  all  the 
strata  inclining  towards  the  latter,  and  showing  the  coals  of  Eagle 
Pass  to  belong  to  an  older  period. 

The  future  commercial  value  of  this  basin  of  coal  (which  underlies 
one  of  the  richest  agricultural  districts  of  Northern  Mexico,  and 
adjoins  a  mineral  chain  of  known  large  extent  and  exceptional  rich- 
ness) is  yet  to  be  determined.  At  present  my  own  work  is  upon 
the  upheaval  veins,  and,  being  preparatory  only,  differs  in  no  way 
'from  ordinary  work  on  a  perpendicular  vein.  The  coal  cokes 
easily,  ])roducing  about  60  per  cent,  in  weight  of  good  coke,  and 
while  I  am  not  now  prepared  to  give  details  or  analyses,  yet  the 
extended  underground  workings  and  the  new  bank  of  fifty  ovens  to 
be  erected  this  spring  will  furnish  a  practical  demonstration,  which 
I  shall  be  pleased  to  show  to  travellers* 
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Tlic  accompanying  map  will  assist  the  reader  in  locating  tiiis  dis- 
trict. 
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LATE  DEVELOPMENTS  IN  THE  SIEIfENS  DIRECT 
PBOCESS. 

BY  GEORGE  W.  MATNARD,  NEW  YORK. 

In  this  paper  I  desire  to  embody  the  results  of  some  personal  ob- 
servations of  the  working  of  the  Siemens  direct  process  as  I  wit- 
nessed it  for  a  part  of  three  days  at  the  works  of  the  Siemens- An- 
derson Company,  in  Pittsburgh.  This  preliminary  investigation  was 
to  have  been  followed  up  by  one  extending  over  a  considerable  period 
of  time,  and  would  have  embraced  analytical  and  physical  tests. 
Circumstances  over  which  I  had  no  control,  resulting  in  the  tempo- 
rary suspension  of  work,  have  postponed  the  presentation  of  a  com- 
plete paper.  If  the  opportunity  is  afforded  me,  I  purpose  doing 
this  at  a  future  meeting  of  the  Institute.  To  those  interested  in  the 
development  of  the  process,  reference  is  made  to  the  papers  of  Dr. 
Siemens  in  the  Journal  of  the  Iron  and  Steel  Institute  for  the  years 
1873  and  1877,  and  to  the  paper  of  our  late  lamented  brother, 
Holley,  in  the  8th  volume  of  the  Transactions  of  our  own  Insti- 
tute. 

Dr.  Siemens,  in  the  introduction  to  his  paper  "On  the  INEanufacture 
of  Iron  and  Steel  by  Direct  Process,"  read  before  the  Iron  and  Steel 
Institute  in  September,  1877,  says:  "  In  mixing  comparatively  rich 
iron  ore  in  powder  with  about  25  per  cent,  of  its  weight  of  pounded 
coal,  and  in  exposing  this  mixture  for  some  hours  to  the  heat  of  a 
common  stove  or  of  a  smith's  fire,  metallic  iron  is  formed,  which,  on 
being  heated  to  the  welding-point  on  the  same  smith's  hearth,  may 
be  forged  into  a  horseshoe  of  excellent  quality.  The  admixture 
with  the  ore  of  some  fluxing  materials,  such  as  lime  or  clay,  will,  in 
most  cases,  be  of  advantage  to  rid  the  iron  of  adherent  slag."  This 
is  the  keynote  of  the  Siemens  direct  process. 

Dr.  Siemens  says  further:  "  If  we  regard  the  production  of  wrought 
iron  from  an  abstract  point  of  view,  we  perceive  that  we  have  to  ac- 
complish two  things,  viz.,  the  deoxidation  of  the  ore,  and  the  fusion 
of  the  earthy  matter  mixed  with  it ;  and  if  we  calculate  the  amount 
of  carbon  necessary  to  accomplish  this  end,  weshall  find  that  in  using, 
say,  hematite  ore,  consisting  of  peroxide  of  iron  with  from  10  to  15  per 
cent,  of  silica,  we  shall  require  barely  40  per  cent,  of  carbonaceous 
matter  per  ton  of  iron  contained  in  the  ore  to  effect  its  reduction,  and 
also  the  fusion  of  the  slag." 
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In  Dr.  Siemens's  own  langnage,  the  rotative  furnace  is  worked  as 
follows:  "The  ore  to  be  smelted  is  broken  up  into  fragments,  not 
exceeding  the  size  of  peas  or  beans  ;  to  it  is  added  lime  or  other 
fluxing  material,  in  such  a  proportion  that  the  gangue  contained  in 
the  ore  and  flux  combines,  with  only  a  little  protoxide  of  iron,  into 
basic  and  fluid  slag.  A  charge  of,  say,  20  cwt.  of  ore  is  put  into 
the  furnace,  when  fully  heated,  while  it  is  slowly  revolving.  In 
about  forty  minutes  this  charge  of  ore  and  fluxing  material  will 
have  been  heated  to  bright  redness,  and  atthe  same  time  from  5  to 
6  cwt.  of  small  coal  of  uniform  size  are  added  to  the  charge,  while 
the  rotative  velocity  is  increased,  in  order  to  accelerate  the  mixture 
of  coal  and  ore.  A  rapid  reaction  is  the  result ;  the  peroxide  of  iron, 
being  reduced  to  magnetic  oxide,  commences  to  fuse,  and  at  the 
same  time  metallic  iron  is  precipitated  by  each  piece  of  carbon, 
while  the  fluxing  materials  form  a  fluid  slag  with  the  siliceous  gangue 
of  the  ore.  The  slow  rotative  action  is  again  resorted  to,  whereby 
the  mass  is  turned  over  and  over,  presenting  contiiuially  new  sur- 
faces to  the  heating  lining,  and  to  the  flame  within  the  rotator.  Dur- 
ing the  time  of  this  reaction,  carbonic  oxide,  besides  the  hydrocarbon 
contained  in  the  coal,  is  evolved  from  the  mixture  of  ore  and  carbon, 
and  heated  air  only  is  introduced  from  the  regenerator  to  efl^ect  its 
combustion  within  the  rotating  chamber.  The  gas  from  the  gas  pro- 
ducers is  entirely,  or  nearly  entirely,  shut  off*  during  this  portion  of 
the  process.  When  the  reduction  of  the  iron  ore  is  thus  nearly  com- 
pleted, the  rotator  is  stopped  in  the  proper  position  for  tapping  off 
the  fluid  cinder.  After  this  the  quick  speed  is  imparted  to  it,  whereby 
the  loose  masses  of  iron  contained  in  it  are  rapidly  collected  into  two 
or  three  metallic  balls.  These  are  taken  out  .and  shingled  in  the 
usual  way  of  consolidating  puddled  balls;  the  furnace  is  tapped 
again  and  is  ready  to  receive  another  charge  of  ore.  In  comparing 
upon  theoretical  grounds  this  method  of  producing  metallic  iron 
with  the  operation  of  the  blast  furnace,  it  will  be  at  once  perceived 
that,  whereas  in  the  blast  furnace,  the  products  of  combustion 
consist  chiefly  of  carbonic  oxide  and  issue  from  the  top  of  the 
furnace  at  a  temperature  exceeding  350^^  C,  the  result  of  com- 
bustion in  the  rotative  furnace  is  carbonic  acid,  which  issues  from 
the  regenerative  furnace  into  the  chimney  at  a  temperature  rarely 
exceeding  175°  C.  This  proves  at  once  a  great  probable  saving  of 
fuel  in  favor  of  the  proposed  method,  and  this  saving  is  increased  by 
the  amount  of  coal  consumed  in  the  puddling  process.  It  may,  however, 
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be  asked  why  the  rotating  furnace  should  admit  of  the  complete  com- 
bustion of  carbon,  whereas  in  the  blast  furnace  such  complete  com- 
bustion is,  as  is  well  known,  not  possible,  because  each  atom  of  car- 
bonic acid  formed  would  immediately  split  up  into  two  atoms  of  car- 
bonic oxide,  by  taking  up  another  equivalent  of  carbon  from  the  coke 
present.  The  following  explanation  will  serve  to  elucidate  this  point : 
In  the  rotative  furnace  streams  of  carbonic  oxide  are  set  up  within 
the  mass  under  reaction  ;  and  this  carbonic  oxide,  on  reaching  the 
surface,  meets  the  current  of  intensely  heated  air  proceeding  from  the 
regenerators,  and  completes  with  it  perfect  combustion  within  the 
free  space  of  the  chamber.  The  carbonic  acid  thus  generated  comes 
in  no  further  contact  with  carbon,  consequently  it  cannot  split  up, 
but  is  drawn  away  unchanged  into  the  chimney,  while  the  evolved 
heat  is  taken  up  by  the  sides  of  the  chamber,  and  transmitted  by 
reverberatiim  and  conduction  to  the  mixture  of  ore,  fluxes,  and 
coal." 

In  the  same  paper  from  which  the  above  extracts  have  been  made, 
Dr.  Siemens  said  :  "  Although  I  have  not  yet  been  able  to  deter- 
mine accurately  the  amount  of  fuel  consumed  in  the  gas  producers, 
I  feel  confident  that  a  ton  of  iron  balls  is  produced  in  a  full-sized 
rotator,  working  continuously,  with  a  total  consumption  of  fuel  not 
exceeding  25  cwt.,  and  a  ton  of  cast  steel  will  be  produced  with  a 
consumption  of  40  cwt.  of  common  coal." 

Later  on  we  shall  see  if  the  results  of  late  obtained  begin  to 
justify  the  prophecy.  The  process  was  introduced  into  the  United 
States  at  the  works  of  Park,  Bro,  &  Co.,  Pittsburgh,  in  1 878.  After 
a  time  it  was  pronounced  a  failure.  The  reason  for  this  verdict  was 
their  inability  to  manufacture  bar  iron  from  the  hammered  bloom, 
the  excessive  oxidation  natui'ally  causing  a  great  loss.  It  is  some- 
what remarkable  that  both  Dr.  Siemens  and  the  Messrs.  Park  should 
have  made  the  same  mistake.  The  balls  are  made  up  o^  particles 
of  pure  iron  and  more  or  less  fluid  slag;  the  almost  entire  absence 
of  carbon  and  the  rapid  oxidation  deprives  them  of  cohesiveness, 
so  that  any  effort  to  make  iron  by  simply  shingling,  reheating,  and 
rolling  must  fail.  All  experience  up  to  the  present  has  taught 
us  that  the  blooms  are  eminently  fitted  for  the  open-hearth  process, 
and  for  this  alone.  Great  credit  is  due  Mr.  E,.  I.  Anderson,  of 
Pittsburgh,  for  having  erected  a  rotator  at  Tyrone,  and  for  having 
boldly  increased  the  dimensions  of  the  furnace  much  beyond  those 
of  Dr.  Siemens's  furnace  at  Tovvcester.     The  Towcester  furnace  was 
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9|  feet  lone;  by  8|  feet  in  diameter,  and  took  a  charge  of  30  cwt.  of 
ore  mixed  with  8  cwt.  of  small  coal.  The  Tyrone  rotator  was  11 
feet  by  11  feet.  On  referring  to  Mr.  Holley's  paper,  I  find  that  in 
an  average  week's  work  with  highly  siliceous  ore  having  about  50 
per  cent,  of  iron,  the  charges  were:  Ore,  4000  pounds ;  reducing 
coal,  600  to  700  pounds;  limestone,  250  pounds;  scale  and  cinder, 
800  pounds.  The  yield  of  blooms  was  1600  to  1700  pounds  per 
charge,  or  80  to  85  per  cent,  of  the  iron  in  the  ore.  The  producer  coal 
was  3800  pounds  per  ton  of  blooms.  The  week's  work  was  19  oper- 
ations producing  14  tons  of  blooms.  The  results  obtained  at  Tyrone 
were  considered  sufficiently  satisfactory  to  warrant  the  construction  of 
a  large  plant  at  Pittsburgh  by  the  Siemens-Anderson  Steel  Company. 
This  plant  is  located  two  and  a  half  miles  from  Pittsburgh,  on  the 
Monongahela  River,  at  what  is  known  as  the  "  Upper  Works."  It  is 
built  on  a  side  hill,  and  is  well  arranged  for  economical  handling  of 
materials.  A  side  track  from  the  Baltimore  and  Ohio  Railroad 
comes  in  on  the  upper  level,  where  coal,  ore,  and  limestone  are  de- 
livered on  to  the  platform  leading  into  the  crusher  house.  There  are 
two  of  Blake's  largest  sized  crushers,  which  discharge  into  small  ones 
placed  below,  where  the  ore  is  reduced  to  the  necessary  fineness  for 
treatment  in  the  rotators.  By  means  of  continuous  bucket  belts, 
the  ore  is  elevated  to  bins  placed  overa  tramway,  which  extends  into 
the  reducing  house  and  over  the  rotators.  From  the  time  that  the 
ore,  coal,  and  limestone  are  charged  into  the  Blake  crushers,  there  is 
no  handling  of  material  until  the  cinder  and  finished  product  is 
ready  to  be  drawn.  The  hopper  car  holds  a  full  charge.  The  ore 
as  delivered  is  very  wet,  and  it  should  be  dried  by  some  simple  de- 
vice, such  as  a  revolving  cylinder  used  for  drying  ores  at  stamp  mills. 
The  rotator  plant  consists  of  four  vessels  measuring  11  feet  4 
inches  in  diameter  and  12  feet  in  length  inside  the  shell.  The  ves- 
sels are  lined  with  Woodland  fire-brick  4|  inches  thick.  The  bricks 
stand  well,  but  the  shrinkage  is  said  to  be  about  one-sixth  of  the 
original  volume  of  the  brick.  The  brick  lining  is  glazed  by  melt- 
ing roll  scale  in  the  rotator  and  revolving  it,  and  fettled  by  the  ad- 
dition of  ore.  From  24  to  48  hours  are  required  for  the  thorough 
lining  of  a  furnace.  The  entire  charge  of  ore,  limestone,  and  reduc- 
ing coal  is  introduced  at  once.  The  vessel  is  slowly  rotated  at  the 
rate  of  one  revolution  in  every  15  to  18  minutes.  In  about  four  houi-s 
the  slag  begins  to  form,  and  when  it  becomes  perfectly  liquid  is 
tapped  off.     The  flow  of  slag  continues  until  the  completion  of  the 
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heat  and  drawing  of  the  balls.  I  witnessed  the  whole  or  part  of  14 
heats  during  my  stay,  viz.,  the  drawing  of  some  of  those  charged 
on  the  day  before  my  arrival,  together  with  the  entire  work  from 
the  charging  to  the  drawing  of  the  heats  during  my  stay.  The  ores 
employed  were  a  red  hematite  from  Lake  Superior,  from  the  Dalliba 
Mine,  said  to  average  60  per  cent,  in  metallic  iron,  and  a  brown 
hematite  from  Tyrone,  said  to  average  40  per  cent.  There  has  not 
been  sufficient  time  to  have  analyses  made  under  my  own  observa- 
tion. 

In  view  of  the  fact  that  the  men,  previous  to  the  starting  of  the 
rotators,  had  had  no  experience  in  this  kind  of  work,  they  certainly 
acquitted  themselves  very  creditably.  More  skill,  however,  is  required 
in  shingling,  but  this  will  soon  be  attained.  In  looking  over  the 
record  of  80  heats,  which  represent  the  number  where  iron  has 
actually  been  produced,  one  cannot  but  be  impressed  with  the  favor- 
able results.  There  has  been  less  of  failure  than  usually  attends  the 
starting  of  a  new  plant  and  new  process  with  unskilled  labor.  I 
have  the  details  from  which  the  following  summary  has  been  made 
up: 

Week 

ending 
December  3d,  . 
December  10th, 
December  17th, 

December  19th-22d, 

Eesult  of  21  heats. 


For  the  week  ending  December  10th,  the  low-grade  brown-hema- 
tite ores  were  used  for  the  most  part.  Where  ores  of  more  uniform 
grade  were  used  the  percentage  result  has  been  improving.  Several 
charges  with  Lake  Superior  and  Tyrone  ore  have  yielded  over  50 
per  cent.,  and  I  have  no  doubt  that  an  average  of  50  per  cent,  can 
be  kept  up  with  this  mixture.  The  average  time  for  48  heats, 
through  good  and  bad,  from  the  charging  of  the  ore  to  the  drawing 
and  shingling  of  the  balls,  has  been  a  little  over  nine  hours.  With 
more  experience  the  time  will  be  reduced  to  eight  hours,  or  3 
charges  in  twenty-four  hours,  and  a  product  of  15  tons  of  blooms. 
The  present  force  of  35  men  would  be  adequate  for  6  rotators,  so 
that  it  will  be  seen  that  the  labor  cost  on  the  ton  of  blooms  may  be 
materially  reduced.     The  pay-roll  at  present  is  as  follows: 


Ore  used, 

Iron  obtained. 

Per  cent 

pounds. 

pounds. 

result. 

.       46,750 

15,761 

34.3 

.     137,000 

36,713 

29.3 

.     164,600 

76,080 

46.2 

Eesult  of  31  heats. 

.     102,700 

48,482 

47. 

LATE   DEVELOPMENTS   IN   THE  SIEMENS   DIRECT  PROCESS.      279 

Per  day. 

Two  crushers, $1  25 

One  laborer, 1  25 

Two  laborers  filling  cars, 1  25 

Two  engineers, 2  00 

Two  firemen, 1  50 

Two  sliinglers,    .         .         .         ,         .         .         .         .         .         .  3  00 

Two  shinglers'  helpers,       .         . ' 2  00 

Two  heaters,  ' 3  00 

Two  heaters'  helpers, 2  50 

Eight  furnaceinen, 1  40 

One  cinder  wheeler, 1  25 

Two  gas-makers, 2  00 

Four  gas-makers'  helpers, .  1  35 

Two  laborers  unloading  cars,      .         .         .         .         .         .         .  1  25 

For  the  week  ending  December  12th,  38  tons  of  hammered  blooms 
were  produced,  of  which  the  details  of  cost  were  : 

59  tons  Lake  Superior  ore,  at  $8, $472 

15  tons  Tyrone  ore,  at  §4,         .         .                 ....  00 

600  bushels  reducing  slack,  at  4  cents, 24 

4  tons  limestone,  at  $1, 4 

2650  bushels  producer  coal,  at  6  cents, 159 

Pay-roll, 351 

38  tons.)   $1070 

Per  ton, $28  16 

Repairs  and  sundries, 2  00 


Cost  per  ton, $30  16 

But  in  regular  working  the  rotators  would  have  produced   90 
tons  ;  therefore,  under  this  assumption,  we  have  : 


144  tons  Lake  Superior  ore,  at  $8, 

36  tons  Tyrone  ore,  at  $4,     . 

1440  bushels  reducing  slack,  at  4  cents, 

9^  tons  limestone,  at  $1, 

6300  bushels  producer  coal,  at  6  cents, 

Pay  roll, 


$1152  00 

144  00 

57  60 

9  25 

378  00 

351  00 


90  tons.)  $2091  85 


Per  ton, $23  24 

Repairs  and  sundries, 2  00 


Cost  per  ton, $25  24 

Dr.    Wuth  informs  me  that  his  analyses   of  the  blooms  have 
shown  them  to  be  of  exceptionally  good  quality,  while  the  steel 
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made  with  them  in  the  open  hearth  is  superior  to  that  made  with 
scrap  iron  or  scrap  steel,  usually  purchased  for  decarburizing.  I 
am  informed  that  the  percentage  of  inclosed  cinder  in  the  hammered 
bloom  ranges  from  10  to  15.  A  very  important  fact  is  that  the 
cost  of  open-hearth  steel  will  be  materially  reduced  by  the  substi- 
tution of  blooms  for  Bessemer  and  rail  scrap,  for  which  forty-five 
dollars  per  ton  is  now  paid. 

Based  upon  the  cost  of  materials  as  taken  from  the  company's 
books,  extending  over  a  period  of  one  year,  I  have  made  up  the  fol- 
lowing estimate: 


The  Estimated  Cost  of  Manufacturing  Open-hearth  Spring  Steel 
BY  Substituting  Siemens  Direct  Blooms  for  Bessemer  Scrap. 

Cost  of  pig,  castings,  mill  scrap,  furnace  scrap,  spiegeleisen,  and  ferroman- 

ganese, $15  58 

Siemens  direct  blooms, • 13  67 

Fuel,  sand,  fire-clay,  nozzles,  sleeves,  black  lead,  oil,  moulding  sand,  moulds, 

cost  of  melting.     (Deduction  for  loss  and  credit  by  pit  scrap),      .         .       7  93 

Cost  of  ingot  steel, $37  18 

The  results  thus  far  obtained  at  Tyrone  and  Pittsburgh  are  indeed 
very  encouraging,  but  they  still  fall  far  short  of  what  Dr.  Siemens 
has  set  out  to  accomplish.  The  item  of  coal  first  presents  itself  as  one 
which  might  deter  the  adoption  of  the  process  at  points  where  coal 
is  not  as  cheap  as  at  Pittsburgh.  The  very  cheapness  of  the  coal 
has  probably  been  the  cause  of  its  lavish  use.  To  show  how  nearly 
Dr.  Siemens's  ideal  of  one  and  one  quarter  tons  of  coal  to  one  ton  of 
blooms  has  been  reached,  I  will  cite  the  result  obtained  at  Landore 
from  Atigust,  1881,  to  October.  For  these  figures  I  am  indebted 
to  Mr.  Holley : 

111  charges  made  in  21  days  13  hours  ^5.2  charges  per  24  hours'  continuous  work. 

Ill  tons  Soraorrostro  ore. 
66  tons  12  cwt.  scale. 

177  tons  12  cwt.  minerals,  yielding  107  tons  9  cwt.  2  qrs.  blooms  =60.53  per  cent, 
on  weight  of  minerals  charged. 

24  tons  19  cwt.  2  qrs.  coals  for  reducing. 
135  tons  10  cwt.  0  qrs.  coals  for  producers. 

160  tons  9  cwt.  2  qrs.  for  107  tons  9  cwt.  2  qrs.  blooms  ==  1.49  tons  of  coal  per  ton 
of  blooms  produced. 

At  Landore  the  time  for  each  charge  has  been  a  fraction  short  of  5  hours. 


i.ate  developments  in  the  siemens  direct  process.      281 
Abstract  of  Reports  of  Rotator  at  Landore. 


Date. 

ID 

w 

"S 

d 

Charges. 

1  s 

1 1 

■322 
«    S 

1     S 
8   o 

Product. 

OS  So 

11 

o 

1^  sc 

_  o 

1881. 

Aug.  22,  7.10  A.M.,  to 

Aug.  27,  5  P.M.    .  .  . 

Aug.  29,  3.30  A.M.,  to 
Sept.  2,  8.25  P.M.    .  .  , 

Sept.  5,  7  A.M.,  to  Sept. 
8,  6  P.M 

28 
23 
17 
13 
30 

Days.  Hrs. 
5     10 

4  17 
3      11 
2      18 

5  5 

Tons. 

28 

23 
17 
13 
30 

T.  C.  Q. 

6    6  0 

5  3  2 
3  16  2 
2  18  2 

6  15  0 

T.    C. 

16    16 

13    16 
10      4 
7    16 
18      0 

T.    C. 

27    10 

26      0 
23      0 
26      0 
33      0 

T.  C.  Q. 

26    4    1 

22    6    0 
16    6    2 
12  16    0 
29  16    3 

58.51 
00.60 
60.00 
61.46 
62.10 

Sept.   26,    9    A.M.,   to 
Sept.  28,  3.10  A.M. .  . 

Oct.  17,  6.30   A.M.,  to 
Oct.  22, 11.40  A.M. .  . 

21      13 

111 

24  19  2 

66    12 

135    10 

107    9    2    1    60.53 

9th  November,  1881. 
Analysfs  of  Two  Samples  op  Spanish  Iron  Ore  from  Landore  Com- 
pany's Primitiva  Mine.    Keceived  from  Landore  Company  on 
24th  May,  1876.    Analyzed  by  A.  Willis,  F.C.S. 


Iron — Peroxide, 
Manganese — Oxide, 
Sulphuric  acid,    . 
Phosphoric  acid, 
Ahimina,     . 
Silica, 

Calcium  oxide,    . 
Magnesia,    . 
Lo.ss  on  ignition. 


Total, 
Metallic  iron- 


-No.  1, 


No.  1. 

No.  2. 

73.420 

78.500 

L040 

1.055 

.077 

nil. 

trace. 

trace. 

3.000 

.180 

15.680 

8.860 

trace. 

.380 

nil. 

.020 

7.020 

11.100 

100.237         100.095 
No.  2,  54.95  per  cent. 


51.394  per  cent. 

No.  1  received  7th  June,  1872,  ex  "  Deux  Menes." 

No.  2  received  13th  April,  1872,  ex  "  St.  Joseph." 

9th  November,  1881. 

Analysis  of  Landore  Scale,  from  Landore.    Keceived  from  Towcester 
ON  15th  August,  1875.    Analyzed  uy  H.  W.  Le  Neve  Foster. 


Iron — Peroxide, 
Iron — Protoxide, 
Sulphur, 
Phosphoric  acid, 
Silica,     . 


36.G00 

60.300 

.137 

.058 

3.880 


Total, . 
Metallic  iron,  71.8  per  cent. 


100.975 
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The  Siemens  direct  process  may  now  be  said  to  be  fairly  beyond 
the  experimental  stage.  It  only  needs  the  working  out  of  minor 
details  to  give  it  an  established  commercial  foothold  in  connection 
with  the  manufacture  of  Siemens-Martin  or  open-hearth  steel. 

Since  my  visit  at  the  works,  direct  blooms  have  been  worked  with 
mixtures  as  given  below.  The  ingots  have,  however,  not  yet  been 
weighed,  and  the  exact  losses  can  consequently  not  be  given. 


January  4th. 


Moulds,   . 
Furnace  scrap, 
Mill  scrap, 
Direct  blooms, 
Iron  puncliings, 
Manganese, 

Total,    . 


Pounds. 
11,050 
3,175 
2,275 
8,060 
4,720 
200 

29,480 


January  5th. 


Moulds,    . 
Furnace  scrap. 
Mill  scrap. 
Direct  blooms, 
Spiegel,  . 
Manganese, 

Total,    . 


Pounds. 

10,600 

2,050 

8,530 

7,010 

200 

200 

28,590 


January  6th, 

Pounds. 

Moulds, 10,680 

Furnace  scrap, 6,125 

Direct  blooms, •         .        •  7,615 

Iron  punchings, 4,310 

Manganese, -  200 

Total, 28,930 

January  8th. 

Pounds. 

Grafton  metal, 2,100 

Moulds, 6,140 

Furnace  scrap, 6,510 

Mill  scrap, ■ 2,500 

Eail  ends, 5,515 

Direct  blooms, 5,590 

Spiegel, 200 

Manganese, 206 

Total, 28,755 
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January  9th. 

Pounds. 

Moulds, 8,240 

Grafton  metal, 2,460 

Furnace  scrap, 9,200 

Direct  blooms,         .         .         .         .         .        .         .         .        .  8,640 

Spiegel, 200 

Manganese, 200 

Total, 28,940 

January  10th. 

Pounds. 

Moulds, 8,100 

Furnace  scrap, 8,680 

Grafton  metal, '    .         .         .  2,100 

Punchings, 3,150 

Direct  blooms, 6,815 

Spiegel, 200 

Manganese, 200 

Total, 28,745 

January  11th. 

Pounds. 

Moulds, 6,540 

Furnace  scrap, 10,010 

Grafton  metal, 3,530 

Direct  blooms,         .........  8,180 

Manganese, 200 

Total, 28,460 


January  12th. 


Wheeler  metal, 
Grafton  metal. 
Mill  scrap, 
Furnace  scrap, 
Direct  blooms. 
Iron  punchings, 
Manganese, 


Pounds. 
4,360 
5,735 
5,275 

780 
9,430 
2,930 

200 


Total, 28,710 


The  following  shows  run  of  one  rotator  for  each  day  while  in 
operation  since  I  left  the  works: 
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DISCUSSION. 

Dr.  Egleston,  New  York  city :  Do  I  understand  that  the  pro- 
prietors of  the  Siemens- Anderson  process  do  not  intend  to  manufac- 
ture merchant  iron,  but  only  blooms  to  be  used  in  some  open-hearth 
process  ? 

Mr.  Maynard  :  Yes. 

Dr.  Egleston  :  If  that  is  so,  and  it  is  understood  that  this  pro- 
cess is  to  be  used  not  for  the  manufacture  of  merchant  irons,  but  only 
for  the  purpose  of  making  material  similar  to  iron  sponge,  to  be 
treated  afterwards  in  an  open-hearth  furnace,  I  see  no  reason  why 
this  direct  process  should  not  be  successful.  The  difficulty  with  all 
direct  processes  has  been  not  that  iron  cannot  be  made  from  the  ore, 
but  that  the  products  contain  so  much  oxide  of  iron  and  other  im- 
purities that  they  require  to  be  sunk  in  a  bath,  on  a  principle  similar 
to  the  pig  and  ore,  or  the  pig  and  scrap  process  of  the  open-hearth 
furnace. 

The  question  of  phosphorus  in  these  products  is  merely  a  question 
of  temperature.  Berthier  showed,  in  1837,  that  nearly  all  the  phos- 
phorus in  iron  can  be  eliminated  if  the  slags  are  removed  in  the 
puddling  furnace  before  the  welding  heat  necessary  to  get  the  iron 
into  a  ball  is  reached ;  but  if  the  temperature  is  raised  high  enough 
to  make  the  balls,  the  phosphorus  goes  out  of  the  slag  into  the  iron. 
This  principle  has  recently  been  applied  to  the  manufacture  of  mer- 
chant irons  from  poor  pig,  the  slag  being  removed  from  the  furnace 
and  replaced  by  pure  slag.  A  similar  thing  was  done  some  years 
ago  in  a  blast  furnace,  at  Buffalo,  working  on  ores  that  contained  a 
large  amount  of  phosphate  of  lime.  The  furnace  was  made  to  work 
so  cold  that  the  whole  of  the  phosphate  of  lime  went  into  the  slag, 
and  not  into  the  iron  ;  the  moment  the  attempt  was  made  to  make 
gray  iron,  the  phosphorus  went  into  the  iron,  and  not  into  the  slag. 

William  Metcalf,  Pittsburgh,  Pa. :  I  must  declare  myself  a 
heretic  on  the  whole  subject  of  so-called  direct  processes.  Having 
experimented  largely,  and  at  a  large  cost,  in  both  the  Siemens  and 
the  Dupuy  direct  processes,  I  have  to  say  that  the  chemical  result  was 
always  good,  and  the  commercial  result  was  always  bad  ;  and  I  have 
come  back  to  my  original  opinion  that  there  is  no  process  more  direct 
and  simple,  with  assured  commercial  results,  than  that  of  the  blast 
furnace  and  the  Bessemer  converter. 

The  most  important  admission  made  in  the  paper  of  Professor 
Maynard,  and  in  the  discussion,  is  that  the  product  of  these  direct 
processes  can  not  be  used  as   wrought  iron.     This  admission  clears 
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away  a  great  deal  of  mist,  and,  if  heeded,  may  save  further  experi- 
menters much  disappointment  and  heavy  losses.  The  reason  the 
material  will  not  answer  for  commercial  wrought  iron  is  that  it  is 
always  full  of  oxygen  and  is  too  red-short  to  he  worked.  This  is  a 
matter  that  can  be  corrected  easily  in  steel  making,  but  it  cannot  be 
cured  economically,  if  at  all,  in  the  making  of  wrought  iron. 

Mr.  Holley,  with  his  clear  insight  into  such  matters,  saw  this  years 
ago,  and  settled  down  to  the  opinion  that  the  process  might  be  made 
valuable  as  an  adjunct  of  the  open-hearth  process,  and  that  that  was 
its  only  value. 

I  must  say  I  am  still  skeptical  even  upon  this  point,  and  the  facts 
given  in  the  paper  are  not  sufficient  to  base  an  opinion  upon ;  we 
want  longer  runs,  covering  a  year  or  more  of  regular  hard  work, 
with  accurate  records  of  the  consumption  of  material,  and  of  the 
amount  and  cost  of  output.  There  is  much  machinery  about  these 
furnaces,  and  it  must  be  tested  by  hard  running  before  we  can  esti- 
mate its  value,  and  then  we  must  compare  the  cost  of  plant,  repairs, 
wear  and  tear,  labor,  etc.,  for  each  ton  of  output,  with  the  same 
items  by  the  old  process,  before  it  will  be  safe  to  announce  success. 

The  paper  states  that  steel  can  be  made  by  this  process  with  two 
tons  of  coal  per  ton  of  steel.  We  can  do,  and  are  doing  regularly, 
year  in  and  year  out,  about  as  well  as  this  by  the  most  (so-called)  in- 
direct process,  namely,  through  the  blast  furnace,  puddling  fui-nace, 
and  crucible.  Here  are  the  figures,  taken  from  records  kept  with 
great  care,  and  running  over  years  of  steady  working: 

Fuel  used  per  ton  of  pig  iron, 2240  pounds 

Fuel  used  per  ton  of  muck  iron, 1216       " 

Fuel  used  per  ton  of  crucible  steel,        .         .         .         .1120       " 

Total  for  the  three  processes, 4576       " 

These  are  no  fancy  figures;  with  ordinary  care  the  work  can  be 
done  within  these  limits  every  day  in  the  year. 

Now  as  to  quality  :  Mr.  Holley  has  shown  that  by  the  use  of  the 
Danks-Bouvard  puddling  furnace,  iron  can  be  made  containing  0.082 
per  cent,  of  phosphorus  from  pig  containing  0.815  per  cent,  of  that 
substance ;  also  irons  with  0.004,  and  less  than  0.007  per  cent,  of 
phosphorus  from  pigs  containing,  respectively,  0.04  and  0.07  percent. 
Further,  this  iron  has  good  commercial  qualities,  and  has  been  made 
by  thousands  of  tons,  with  a  consumption  of  1,161  pounds  of  coal  per 
ton  of  2240  pounds  of  iron.     Mr.  Wellman,  of  Cleveland,  saw  this 
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process  at  work  and  brought  to  Cleveland  a  lot  of  pig  iron  and  about 
ten  tons  of  blooms.  He  analyzed  the  pig,  and  also  analyzed  every 
bloom  of  the  lot  separately,  and  found  Mr.  Holley's  report  to  be 
correct  without  exception.  If  anything  more  were  desired,  the  addi- 
tion of  the  Bell-Krupp  washing  process  would  result  in  eliminating 
phosphorus  absolutely. 

What  we  need  now,  to  convince  us  that  this  direct  process  has  any 
value  at  all,  even  for  open-hearth  practice,  is  the  erection  of  a  plant 
capable  of  producing  100  to  200  tons  a  day;  that  plant  should  be 
run  to  its  full  capacity  for  a  year,  and  its  output  and  cost  should  be 
compared  with  the  Creusot  practice,  the  Eston  practice,  or  American 
Bessemer  work ;  thus  we  should  know  which  process  is  most  direct, 
cheapest,  and  most  reliable  in  quality. 

As  to  the  loss  of  iron :  in  the  blast  furnace  there  is  no  loss  ;  in  pud- 
dling there  is  a  loss  of  about  8  per  cent.,  and  in  the  crucible  there 
is  no  loss;  in  the  Bessemer  process  the  loss  is  a  little  heavier  than  in 
puddling,  and  in  these  direct  processes  the  loss  varies  from  20  to  50 
or  even  to  100  per  cent.,  according  to  the  luck  in  working.  The  only 
possible  way  to  avoid  very  heavy  losses  is  to  have  an  open-hearth 
bath  always  ready  to  receive  the  balls  as  soon  as  they  are  formed. 

So  far,  practice  has  proven  that  the  cheapest,  safest,  and  most 
direct  process  begins  at  the  top  of  the  blast  furnace. 

Henry  M.  Howe,  Troy,  New  York :  In  spite  of  its  commercial 
failure  I  still  believe  that  i31air's  is  the  best  direct  process  yet  offered, 
at  least  in  places  where  ore  is  comparatively  dear  and  coal  compara- 
tively cheap,  such  as  Pittsburgh.  The  protection  against  loss  from 
oxidation  of  the  sponge,  by  allowing  it  to  cool  completely  in  a  highly 
reducing  atmosphere,  appears  to  me  more  complete  than  in  any  other 
direct  process.  When  the  process  was  being  worked,  the  loss,  which 
was  about  15  per  cent.,  was  not  greater  than  it  then  was  in  the  best 
open-hearth  works  which  were  using  blooms.  What  the  process 
needed  more  than  anything  else  was  a  more  rapid  method  of  cooling 
the  sponge.  This  I  think  could  have  been  done  in  about  half  the 
time  actually  taken,  and  the  output  of  each  furnace  could  thus  have 
been  greatly  increased.  With  proper  management  I  do  not  believe 
the  furnace  would  have  failed. 
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VALUATION  OF  IBON  MINES  IN  NEW  YORK  AND 
NEW  JERSEY. 

BY  PROFESSOR  JOHN  C.  SMOCK,  ASSISTANT  GEOLOGIST  OF  NEW  JERSEY, 
NEW  BRUNSWICK,  N.  J. 

The  question  of  the  proper  valuation  of  mines  of  iron  ore  was  sug- 
gested to  me  by  the  difficulties  experienced  in  getting  answers  for  the 
United  States  Census  Office,  while  I  was  engaged  in  the  v/ork  of  col- 
lecting the  statistics  of  mines  in  New  Jersey  and  New  York.  The 
answers  to  the  questions  relating  to  values  of  real  estate  of  mine  prop- 
erties varied  so  greatly  that  it  was  necessary  to  revise  them  according 
to  some  general  principles  of  valuation.  Generally  the  returns  of  mine 
proprietors  seemed  to  be  too  low.  There  were,  however,  examples 
of  what  would  be  termed  excessive  valuation.  The  subject  appeared 
to  be  of  practical  importance,  and  led  to  the  paper  here  presented. 

The  following  table  of  selected  mine  statistics  is  given,  prefacing 
the  discussion  of  the  principles  of  valuation.  It  is  in  part  made  up 
of  census  returns  and  partly  of  data  obtained  directly  from  mine 
owners  and  managers.  The  mines  which  were  selected  for  the  sev- 
eral groups  and  mining  districts  include  nearly  all  of  those  from 
which  the  more  full  and  carefully  filled  returns  were  received,  and 
are  also  representative  of  their  respective  districts.  Hence  the 
averages  obtained  from  them  become  good  types  of  these  groups  or 
districts.  The  mines  of  New  Jersey  appear  in  six  groups,  each  con- 
taining from  three  to  eleven  mines,  or,  in  all,  thirty-four  mines. 
The  magnetic  iron  ores  of  New  York  are  in  four  well-marked  groups, 
and  there  are  twenty-six  mines  in  them.  Then  follow  the  red 
hematite  mines  of  St.  Lawrence  and  Jefferson  counties;  and,  lastly, 
the  brown  hematite  groups  of  Dutchess  and  Columbia  counties,  and 
those  of  the  adjacent  parts  of  Connecticut  and  Massachusetts.  The 
whole  number  of  mines  represented  by  the  table  is  eighty-eight,  of 
which  twenty-eight  are  hematite  mines.  The  first  column  gives  the 
value  of  the  real  estate;  the  second  that  of  the  plant;  the  third  is 
the  sum  of  these  two,  or  the  capital  invested.  Then  follow  the 
number  of  men  employed,  the  amount  of  wages  paid  during  the 
census  year,  and  the  value  of  materials  used  in  mining  and  preparing 
the  ores  for  market.*     The  seventh  column  gives  the  total  expendi- 

*  The  value  of  materials  is  somewhat  uncertain  in  many  oases,  as  royalties  are 
included  under  this  head.  Likewise,  under  wages,  the  cost  of  explosives  and  light 
is  often  included.  Hence  it  is  impossible  to  draw  the  line  sharply  between  these 
items  of  expenditure. 
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tares,  or  cost  of  the  ore.  The  product  in  tons  is  in  the  eighth  col- 
umn, while  the  cost  per  ton  is  in  the  ninth.  The  last  column  of  the 
table  shows  the  ratio  between  the  real  estate  value  and  the  product. 

TABLE    OF   SELECTED   STATISTICS    OF    IRON    MINES. 


MINING  DISTRICTS 

AND 
GROUPS  OF  MINES. 


II. 
III. 

IV. 

V. 
VI. 

VII. 

VIII. 
IX. 
X. 

XI. 

XII. 
XIII. 
XIV. 


Warren  Co.,  N.  J., 

Sussex  Co.,  and 
western  part  of 
Morris  Co.,  N.  J., 

Chester,  Morris 
Co.,  N.J. ,  .    .    . 

Mine    Hill — Iron- 
dale  Range, 
Morris  Co.,  N.  J., 

Mt  Pleasant— Mt. 
Hope  Range, 
MorrisCo.,N.  J  , 

Northern  part  of 
Morris  Co.,  N.  J., 

New  Jersey  Mines, 


Orange  Co.,  N.Y., 

Putnam  Co.,  N.Y., 
Essex  Co.,  N.  Y.,  . 

Clinton  Co.,  N.Y., 

Red  Hematite. 
St.  Lawrence  and 
Jefferson  Coun- 
ties, N.  Y.,     .    . 

Hematite. 
Dutchess  and  Co- 
lumbia     Coun- 
ties, N.  Y.,     .     . 

Hematite. 
Connecticut,    .    . 

Hematite. 
Berkshire,  Mass., 


a  & 


295,000 
250,000 

710,000 

540,000 

925,000 
$2,993,200 

805,000 

522,030 

1,474,377 

375,000 

358,000 

900,049 
381,000 
157,000 


c 

x   . 

0)  ^^ 

c  3 
"p. 

O 
$72,104 

o 

$345,304 

71,000 

366,000 

40,290 

290,290 

174,300 

884,300 

152,000 

692,000 

129,770 

1,054,770 

$639,404 

$3,632,604 

62,300 

867,300 

44,805 

566,835 

505,595 

1,979,972 

115,500 

490,500 

102,000 

460,000 

208,000 

1,174,049 

33,500 

414.500 

59,000 

216,000 

sa 


374 
233 


639 

1,017 
3,646 

383 

434 

1,268 

699 


593 
180 
311 


$118,751 

138,438 
66,147 

365,083 

300,990 

425,314 
f  1,414, 723 

130,814 

165,465 
457,223 
190,870 


181,087 
60,667 
109,121 


$23,902 

53,511 
16,152 

104,506 

125,093 

161,009 
$484,173 

37,960 

46,000 

242,052 

38,800 

28,500 

08,945 
20,553 
41,792 


a  a 

c3  9^ 


$142,653 

191,949 
82,299 

469,589 

426,083 

586,323 
Fl,898,896 

108,774 

211,465 

799,275 
229,670 

181,189 

250,032 

81,220 

150,913 


43,607 

85,595 
40,460 

117,035 

125,685 

147,958 
560,340 

77,001 

66,800 

506,843 

80,645 

84,374 

124,957 
81,141 
49,454 


=5  O 


a  o 


f3.27 

2.24 
2.03 

4.01 

3.39 

3.96 
3.38 

2.19 

3.16 

1.57 
2.84 

2.15 

2.00 
2.61 
3.05 


$6.27 

3.44 

6.18 

6.07 

4.29 

6.25 
5.34 

10.45 

7.81 
2.91 
4.65 

4.24 

7.73 

12.23 

3.17 


Note. — The  tons  are  2240  pounds. 

The  first  observation  to  be  made  on  this  table  is  suggested  by  the 
discrepancies  that  are  apparent  when  capital  and  product  are  com- 
pared, as  is  done  in  the  last  column.  The  differences  in  the  ratios 
of  product  to  capital  are  greatest  in  the  groups  of  magnetic  iron  ore 
mines  of  New  York  and  the  hematite  mines  of  Connecticut  and 
Massachusetts.     In  the  latter  State,  |3.17  of  real  estate  produced  a 
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ton  of  ore,  whereas,  in  Connecticut,  it  required  an  investment  valued 
at  $12.23,  or  nearly  four  times  as  much.  Although  much  of  this 
difference  is  inherent  in  the  mines,  and  due  to  great  disj>arity  in 
actual  value,  some  part  of  it  must  be  credited  to  imperfect  valua- 
tion, and  a  more  accurate  method  of  valuation  would  tend  to  the 
equalization  of  these  ratios.  Another  observation  to  be  made  is  tlie 
variation  in  the  cost  of  the  ore  per  ton,  ranging  from  $4.01  to  $1.57. 
The  greater  cost  is  found  to  be  in  the  groups  of  deeper  mines.  The 
larger  proportion  of  open  workings  or  pit  work  reduces  the  average 
cost.  The  larger  size  of  the  ore  bodies  also  lessens  the  cost;  and  the 
more  expensive  the  plant,  when  compared  with  the  total  expendi- 
tures, the  less  is  the  cost  of  the  ore.  And,  in  general,  the  labor  ex- 
penditure seems  to  enter  more  into  the  cost  than  the  value  of  mate- 
rials used,  although  the  separation  of  these  classes  of  expenses  is 
nearly  always  incomplete.  Other  points  for  consideration  and  com- 
parison will  suggest  themselves  to  the  reader  who  may  examine  the 
table. 

The  elements  which  enter  into  the  problem  of  valuation  are  many 
and  diverse.  Some  of  the  principal  factors  are  capacity,  accessi- 
bility, ease  of  mining,  facilities  for  working,  nearness  to  transporta- 
tion lines,  cost  of  labor  and  materials,  and  demand  for  the  ores.  They 
might  be  summarized  as  accidents  of  place  and  time.  Hoskold,  in 
his  J^ngineers^  Valuing  Assistant,  says:  "A  rule  cannot  be  laid 
down  expressing  the  attendant  risk  of  mining  adventure,  as  nearly 
all  mines  exist  under  circumstances  differing  widely  from  each 
other.  It  is  a  matter  of  experiment;  each  mine  must,  therefore, 
stand  upon  its  own  merits."  While  this  statement  must  be  accepted 
as  eminently  wise  and  cautious,  still,  in  the  valuation  of  mines,  it  is 
necessary  and  desirable  always  to  learn  something  of  the  history  of 
the  mines  in  any  given  district  in  which  we  may  be  required  to  put 
values  upon  new  or  but  partially  developed  localities,  and  also  to 
study  their  statistics.  Their  success  or  failure  must,  to  a  certain 
extent,  guide  us  in  new  ventures.  And  these  features  are  quite  as 
important  to  know  as  are  the  geological  relations  and  modes  of  oc- 
currence of  the  ores  to  be  won.  Hence  it  is  that  the  characteristic 
features  of  any  mining  district  become  at  length  apparent  in  the 
working  statistics,  and  such  statistics,  when  properly  studied,  indicate 
capacity,  extent,  facilities  in  working,  etc.  And,  therefore,  almost 
the  first  question  regarding  any  mine  is  what  of  its  surroundings, 
not  only  so  far  as  concerns  the  association  of  ore  and  rocks,  but  also 
the  results  of  mining  enterprises  in   the  neighborhood  or  district. 
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Having  examined  tlicrn  and  ascertained  the  characteristics,  it  will 
be  prudent  to  keep  in  mind  that  they  are  not  to  be  reversed  in 
any  new  undertaking,  without  extraordinary  skill  and  energy  in 
management  or  a  fortunate  concurrence  of  favoring  conditions. 

The  further  examination  of  localities,  with  a  view  to  their  proper 
valuation,  must  note  the  extent  of  ore-body,  the  probable  capacity  of 
production,  and  the  length  of  profitable  working  period.  These  in- 
quiries involve  the  study  of  the  structure,  depth  of  ore  beneath  the 
surface,  nature  of  the  ore,  the  facilities  for  exploitation  and  mining, 
the  cost  of  labor,  materials,  etc.,  the  accessibility  to  lines  of  trans- 
portation, and  the  extent  of  the  demand,  together  with  prices.  To 
go  into  the  discussion  of  all  these  elements  would  exceed  the  limits 
of  this  paper,  and  only  a  few  generalizations  can  be  given,  which 
may  be  accepted  to  a  limited  extent  as  safe  guides.  The  enduring 
character  of  our  iron  mines  in  New  Jersey  and  in  New  York  is 
here  to  be  noted,  as  it  bears  so  closely  upon  this  question  of  their 
value;  it  is  particularly  true  of  the  magnetic  iron  ore  mines. 
Many  of  them  have  been  worked  steadily  for  long  periods,  and  some 
of  them  figure  in  our  colonial  history.  Their  production  previous 
to  1840  was  comparatively  small,  and  the  larger  part  of  the  aggre- 
gate amounts  obtained  from  them  belongs  to  the  past  three  decades. 
Notwithstanding  the  extent  to  which  they  have  been  opened,  there 
are  no  signs  of  exhaustion.  It  seems  entirely  safe  to  assert  that 
many  of  these  ore  bodies,  now  so  largely  explored,  are  practically  in- 
exhaustible, at  least  by  known  methods  of  profitable  mining.  They 
are  an  enduring  species  of  property.  There  are,  however,  examples 
of  exhaustion  and  abandonment,  as  well  as  many  cases  of  temporary 
suspension,  owing  to  causes  outside  of  capacity  for  producing  ore  in 
quantity.  Out  of  the  list  of  one  hundred  and  fifteen  mines  given 
in  the  Geology  of  New  Jersey,  published  in  1868,  twenty-five  had 
been  abandoned  before  1881.  In  the  period  from  1867  to  1882, 
twenty-five  others  had  been  started  into  activity  and  run  their 
course,  making  together  fifty  suspensions  in  that  period.  Of  the 
old  mines  which  had  been  abandone<l,  the  working  periods  ran 
back  from  ten  to  one  hundred  and  sixty  years.  It  would  not  be 
possible  to  arrive  at  any  very  reliable  average  between  so  wiile  ex- 
tremes. In  the  same  fifteen-year  period  thirty  new  and  productive 
mines  had  been  opened  in  the  State,  and  contributed  largely  to  its 
total  i)r()duct.  That  some  of  these  abandoned  localities  may  again 
be  worked  cannot  be  doubted.  From  these  general  statistics  it  is 
evident  that  no  definite  terra  can  be  assigned  as  probable  for  the 
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working  history  of  any  mine.  And  what  is  true  of  JS^ew  Jersey  ap- 
plies with  equal  force  to  -New  York,  especially  to  the  mines  of 
Orange  and  Putnam  counties.  In  this  connection  it  must  be  stated 
that  the  numerous  smaller  ore  openings  have  been  omitted,  as  not 
belonging  to  the  class  of  producing  mines.  In  order,  therefore,  to 
arrive  at  some  fair  average  period  of  productiveness,  recourse  was 
had  to  the  total  ])roduction  of  many  representative  mines  and  its 
comparison  with  the  output  for  the  census  year.  In  the  case  of  all 
the  older  mines  this  total  product  is  a  rough  estimate  at  best.  It 
is  approximately  correct  in  the  mines  opened  within  the  past  thirty 
or  forty  years.  Now,  assuming  the  rate  of  the  census  year  (in 
many  respects  a  good  representative  of  our  working  mines),  it  is 
easy  to  ascertain  how  long  it  would  have  taken  to  raise  the  total 
amounts  estimated  as  coming  from  them.  From  fifteen  to  thirty- 
five  years  would  have  sufficed  in  all  of  our  larger  mines,  both  in 
jN^ew  Jersey  and  in  New  York ;  in  others,  from  four  to  ten  years. 
The  average  for  safety  may  be  put  at  fifteen  years,  as  applicable  to 
the  mines  now  vigorously  worked,  and  also  to  those  newly  opened, 
which  promise  to  do  quite  as  well. 

Having  assumed  the  working  term  and  the  annual  product  the 
remaining  essential  factor  in  all  cases  is  the  profit  per  ton.  This  was 
obtained  by  subtracting  the  cost  from  the  average  price  at  the  mine 
in  the  several  districts,  as  follows: 

Average  price.     Cost. 

New  Jersey  mines, $4.16  §3.38  §  .78 

Orange  County,  N.  Y., 3.00  2.19  .81 

Putnam  Couifty,  N.  Y., 3.00  3.16  -.16 

Essex  County,  N.  Y. 3.30  1.57  1.73 

Clinton  County,  N.  Y., 4.50*  2.84  1.66 

St.  Lawrence  and  Jefferson  comities,  N.  Y.,     .     2.70  2.15  .55 

Dutchess  and  Columbia  counties,  N.  Y.,           .     3.90  2.00  1.90 

Connecticut  mines,  .         .         .         .         .         .     4.80  2.61  2.19 

Massachusetts  mines, 4.00  3.05  .95 

These  elements  are  sufficient  to  give  the  basis  for  valuations,  so 
far  as  the  several  districts  are  concerned.  The  problem  is  in  the 
nature  of  an  annuity,  and  knowing  the  term  and  amount  received 
annually  the  question  is,  what  is  it  worth?  In  the  case  of  the  New 
Jersey  mines  the  value  of  the  real  estate  was  placed  at  seven  times 
the  annual  dividend  or  amount  of  profits.  Thus,  for  example, 
taking  the  thirty-four  mines  in  New  Jersey,  according  to  the  table 

*  The  high  price  of  these  ores  is  due  to  the  amount  of  separated  ore  for  forge 
use. 
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above,  their  product  was  560,3^10  tons,  which  at  78  cents  per  ton, 
would  yield  a  dividend  of"  $437,065.20,  and  that  multiplied  by  seven 
gives  $3,059,456.40,  as  their  valuation.  It  renaains  to  fix  the  rate  of 
interest  and  to  allow  for  a  return  of  the  investment,  or  what  is  knowu 
as  a  redemption  fund.  Authorities  differ  so  widely  that  it  is  almost 
an  arbitrary  matter  to  assign  any  figure.  The  mean  range  is  from 
8  to  20  per  cent.  The  rate  allowable  for  redeeming  the  principal 
should  not  exceed  4  per  cent., — that  of  our  most  I'eliable  trust-fund 
investments.  Owing  to  the  great  permanency  which  characterizes 
many  of  our  iron-mine  properties,  10  per  cent,  has  been  thought  to 
be  a  reasonable  })rofit  upon  the  capital,  and  4  per  cent,  sufficient  for 
its  redemption.  Turning  to  Hoskold's  tables  we  find  that  the  pres- 
ent value  of  $1  per  annum  in  fifteen  years,  allowing  interest  at  10 
per  cent,  upon  the  purchase-money,  and  redeeming  the  capital  at  4 
per  cent.,  is  $6,669,  or  nearly  the  arbitrary  multiplier  which  was  used 
in  the  case  of  the  New  Jersey  mines.  With  a  higher  rate  of 
interest,  c.  g.^  20  per  cent.,  the  multiplier  would  be  3.061.  These 
are  the  general  })rinciples  which  have  been  employed  in  the  valua- 
tion of  nearly  all  of  the  mines  of  New  Jersey  and  in  many  of  New 
York.  As  already  stated  they  are  subject  to  almost  endless  modifi- 
cation, owing  to  the  ever-varying  combinations  of  the  other  essential 
elements,  wliich  need  to  be  taken  into  account  and  which  vary 
with  almost  every  mine. 


THE  NEW  MILL  AT  BATOPILAS,  STATE  OF  CHIHUAHUA, 

MEXICO. 

BY  JOHN  C.  F.  EANDOLPn,  E.M.,  NEW  YORK. 

This  mill  being  now  in  successful  work,  it  seems  proper  to  record 
some  professional  memoranda  concerning  it.  It  is  intended  to  handle 
an  unusual  ore,  in  a  locality  difficult  of  access,  and  its  arrangement 
and  method  of  procedure  present  some  novel  features  of  interest. 

It  was  prepared  for  the  San  Miguel  property  at  Batopilas,  State 
of  Chihuahua,  Mexico,  owned  by  the  Consolidated  Batopilas  Silver 
Mining  Company  of  New  York,  at  present  under  the  management 
of  ex-Governor  Alexander  R.  Shepherd.  This  property  contains  a 
large  series  of  more  or  less  parallel  veins,  worked  through  a  deep 
cross-cut  tunnel  1300  feet  in  length.  The  vein  vovk  of  these  veins 
is  calcspar  in  diorite.     While,  near  the  surface,  ruby  silver,  black 
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silver,  and  even  chloride  of  silver  are  met  with  in  many  of  the  veins 
of  this  locality,  the  main  ore  at  a  depth,  both  in  the  veins  of  the 
San  Mig'uel  property  and  of  the  rest  of  the  district,  is  native  silver 
ore  in  calcite,  of  all  grades  from  "brosa"  and  "chispeado"  ores 
($10,000  to  ^25,000  to  the  ton)  downward.  This  mill  was  not  de- 
signed to  handle  the  high-grade  solid  ores,  for  which  the  metallurgy 
will  always  remain  practically  the  same,  viz.,  dry  or  wet  stam|)ing 
for  stamp  silver,  scorification  with  lead  in  a  cupola  or  a  cupel  fur- 
nace, and  cupellation.  While  the  actual  value  per  year  of  the  mas- 
sive ores  is  exceedingly  large,  it  is  represented  by  quantities  seldom 
surpassing  1  to  3  tons  per  month.  The  real  business  of  the  San 
Miguel  property  in  quantity,  and  of  all  the  other  veins  of  the  district, 
lies  in  the  large  amounts  of  low-grade  native  silver  ores,  containing 
40  to  200  ounces  a  ton,  which  invariably  accompany  and  surround 
the  strings  and  shoots  of  high  grade  ''brosa."  These  ores  have 
hitherto  always  been  neglected  in  the  district,  since  the  only  means 
of  reduction  at  hand  consisted  of  arrastres.  Until  very  recently  the 
total  plant  of  the  San  Miguel  property  consisted  of  three  arrastres. 
By  this  primitive  plant  more  than  $3,000,000  of  bar  silver  were  pro- 
duced in  the  10  vears  preceding  the  purchase  of  the  property  by  the 
present  company,  solely  from  the  high-grade  ores  of  the  first  bonanza 
on  the  Veta  Grande  vein.  Since  the  purchase  and  transfer  of  the 
property  (January,  1880),  up  to  the  time  of  starting  work  in  the  mill 
now  to  be  described,  these  three  arrastres  produced  the  major  part  of 
about  $500,000,  paying  thereby  all  the  working  expenses,  and  an  ag- 
gregate of  20  per  cent,  on  the  cost  of  the  property.  During  this  period 
from  January,  1880,  to  date,  some  §2,000,000  of  ore  averaging  $56  a 
ton  in  native  silver  has  been  developed  in  the  yet  but  partially  pros- 
pected bonanza  at  thejunction  of  the  Veta  Grande  and  Mesquite  veins, 
which  has  been  left  in  place  and  stored  in  levels  awaiting  the  erection 
of  the  mill.  Through  this  large  amount  of  ore  most  valuable 
strings  and  pockets  of  heavy  brosa  silver  have  been  encountered,  and 
from  this  source  have  come  the  profits  of  the  first  two  years  of  the 
new  enterprise,  while  an  immense  reserve  was  being  prepared  for  the 
future.  This  low-grade  ore  contains  the  silver  finely  disseminated 
through  it,  and  seldom,  as  in  the  higher  ores,  as  either  nails,  ferns, 
wires,  sheets,  or  tacks.  Most  of  the  silver  in  it  would  pass  a  40  to 
60-mesh  screen. 

Concerning  the  handling  of  this  kind  of  ore,  carrying  the  silver 
in  native  form,  there  is  no  precedent.  Only  one  other  locality  in  the 
world  has  produced  anything  similar  to  it  in  character  and  quantity, 
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viz.,  the  Silver  Islet  mine  of  Thunder  Bay,  Lake  Superior,  Canada. 
The  mill  erected  there,  however,  represents  very  different  conditions 
and  very  different  material.  At  Silver  Islet  the  silver  is  invariably 
in  the  form  of  complicated  alloys  with  cobalt,  nickel,  and  other 
metals,  as  represented  by  the  new  minerals  huntilite,  animikite,  and 
macfarlandite.  In  Batopilas  the  silver  is  pure  crystallized  silver, 
and  no  alloy  of  any  kind  has  ever  been  detected  in  it.  Since  the 
metallurgy  of  the  complicated  alloys  of  Silver  Islet  was  exceedingly 
difficult,  needing  the  use  of  furnaces  and  cheap  fuel,  and  since  the 
locality  itself  was  not  favorable  for  these  operations,  the  problem  in 
constructing  a  mill  there  resolved  itself  into  a  concentrating  opera- 
tion in  loco,  with  the  intention  of  transporting  the  rich  concentrates 
j)roduced  to  a  point  more  favorable  for  reduction.  The  reduction 
has  in  effect  always  been  carried  on  at  Detroit,  Michigan.  The  mill 
at  Silver  Islet  consists  solely  of  stamps  and  Frue  vanners,  and 
offers  little  assistance  for  the  solution  of  the  problem  at  Batopilas; 
and  even  were  it  of  the  class  desired,  it  is  not  sufficiently  well  de- 
signed to  be  a  model. 

At  Batopilas,  the  reduction  must  be  complete,  and  the  only  method 
allowable  is  one  where  the  ore  shall  enter  the  mill  at  one  end  and 
the  silver  bars  shall  leave  it  at  the  other.  To  this  course  the  ore 
itself  presents  no  special  difficulties  of  metallurgy,  and  the  only  ob- 
stacles to  carrying  it  out  effectively  in  the  large  way  are  those  offered 
by  the  topography  of  the  country,  which  makes  the  transportation 
of  machinery  difficult.  Batopilas  is  some  300  miles  from  the  Gulf 
of  California,  in  the  southwest  corner  of  the  State  of  Chihuahua,  and 
is  the  same  distance  from  the  city  of  Chihuahua  to  the  east.  The  only 
transportation  possible  is  by  mule  back,  between  the  limits  of  150 
pounds  for  side  packages,  and  280  pounds  for  back  packages.  The 
country  is  exceedingly  rough  and  precipitous,  and  the  sectionalizing 
of  machinery  for  transportation  in  such  small  packages,  which,  when 
erected,  should  be  unimpaired  in  efficiency,  stability,  and  value^ 
offered  in  itself  a  problem  of  no  ordinary  difficulty.  The  peculiar  ore 
to  be  handled,  the  utter  lack  of  guiding  experience  with  similar  ores, 
and  the  absolute  necessity  of  shipping  only  bar  metal,  made  it  incum- 
bent that  this  mill  should  be  very  carefully  designed,  and  not  merely 
be  an  effective  plant  for  one  method  and  one  class  of  material,  but 
that  it  should  allow  tiie  widest  variations  both  as  to  procedure  and 
as  to  material  treated.  The  intention  was,  therefore,  to  design  a  wet 
silver  mill  of  great  fiexibllily  and  |)ower  of  adaptation,  so  that  the 
most  effective  and  economical  method  of  treating  all  occurring  ores 
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might  be  arrived  at  without  any  radical  alterations  of  the  original 
construction. 

Since  the  ore  to  be  treated  of  the  native-silver  class  admits  equally 
well  of  pan  amalgamation  or  concentration,  and  since  all  of  the  other 
occurring  ores  could  undoubtedly  be  e^ectively  treated  by  concentra- 
tion with  or  without  a  subsequent  roasting  before  amalgamation,  the 
plan  of  the  mill  seizes  on  both  these  methods  and  combines  them  so 
as  to  operate  them  either  singly  or  together  at  the  same  time  for  dif- 
ferent batteries.  This  seemed  the  more  desirable  since,  although  the 
native-silver  ore  is  equally  amenable  to  either  pan  amalgamation 
or  concentration,  it  is  by  no  means  certain  which  method  will  give 
the  most  economical  and  satisfactory  results  in  that  locality  until 
they  are  brought  down  to  comparative  figures  on  the  same  ore.  For 
the  same  reason  the  mill  has  been  erected  as  a  steam  mill,  with  the 
intention  of  connecting  it  with  the  existing  water-power  at  a  later 
date,  in  order  to  allow  of  the  fullest  flexibility  as  to  power. 

The  mill  is  a  15-stamp  mill  with  phice  for  20  stamps.  (See  accom- 
panying plates.)  It  is  built  on  a  side  hill  behind  the  old  Hacienda 
de  BeneHcio,  and  consists  of  six  steps,  the  lowest  of  which  is  in  the 
yard  of  the  present  hacienda.  The  first  step  consists  of  tlieore  floor, 
on  which  the  ore  is  delivered  from  tiie  trannvay,  constructed  simul- 
taneously with  the  mill  and  for  the  purpose  of  supplying  it.  This 
tramway  is  one  mile  long,  and  crosses  many  arroyos  and  gulches  on 
arches  of  masonry.  It  was  a  most  expensive  construction  on  account 
of  the  difficult  topography.  The  first  plan  was  to  build  an  overhead 
tramway  of  the  wire-rope  type,  but  the  exigencies  of  mule-back  trans- 
portation made  the  transportation  of  long  cables  difficult  and  unde- 
sirable. The  ore  before  leaving  the  mine  yard  is  cobbed  and  sorted, 
in  order  to  separate  any  high-class  ore  from  it.  It  therefore  arrives 
on  the  ore  floor  properly  sized  for  the  stamps  without  the  intervention 
of  a  jaw  crusher,  the  transportation  of  which,  in  even  well-sectional- 
ized  form,  would  be  difficult.  The  ore  is  bulk-headed  on  the  ore  floor 
back  of  the  stamps,  and  shovelled  to  the  Challenge  self-feeders,  one  of 
which  belongs  to  each  battery.  On  the  second  step  are  the  self- 
feeders  and  the  batteries.  The  stamps  are  650-pound  stamps,  with 
10-foot  stems,  3  inches  in  diameter,  and  provided  with  Coleman's 
patent  tappet.  The  stamps  are  throughout  of  the  California  type, 
with  high  mortars  and  separate  cam  shafts.  While  some  coarse  silver 
will  remain  in  the  batteries,  the  majority  of  it  will  pass  the  screens 
as  a  pulp.  From  the  screens  branch  the  pulp-launders,  which,  uniting 
together  below,  form  one  main  launder  and  conduct  the  stamped  ore 


NEW    MILL    AT    BATOPILAS,  STATE    OF    CHIHUAHUA,  MEXICO.       297 

to  tlie  pulp-boxes  on  the  fourth  step.  Beneatli  these  launders  on  the 
third  step  are  four  Frue  vanners,  with  distributing  launders  at  right 
angles.  By  means  of  gates  and  plugs,  the  pulp  from  any  individual 
battery,  or  from  all  of  them,  can  be  stopped  in  its  course  to  the  pulp- 
boxes  and  at  once  diverted  to  the  necessary  Frue  vanners.  By  this 
means  an  immediate  change  of  operation  for  the  whole  mill,  or  for 
any  desired  battery,  can  be  effected  at  a  moment's  notice.  The  pulp- 
boxes  on  the  fourth  step  are  12  in  number,  and  are  built  of  solid 
masonry,  plastered  inside,  since  the  usual  wooden  pulp-boxes  soon 
become  useless  in  a  troj)ical  climate.  On  the  pulp-boxes  there  is  a 
track,  provided  with  turn-tables,  by  means  of  which  the  pulp  is 
transferred  by  a  car  from  the  box  that  is  being  dug  out,  to  the  pan 
to  be  charged.  The  fifth  step  is  devoted  to  the  amalgamating  appa- 
ratus, which  consists  of  six  4-foot  combination  pans,  with  cast-iron 
bottoms  and  wrought-iron  sides,  three  7-foot  settlers  of  like  con- 
struction, one  4- foot  clean-up  pan,  two  small  laboratory  pans,  a  mer- 
cury safe,  and  a  travelling  hoist  above  the  pans.  A  small  Sturtcvant 
blower  also  takes  power  on  this  step  for  the  blast  to  the  cupellation 
furnace.  The  sixth  and  last  step  of  the  mill  contains  an  English 
cupellation  furnace,  a  retort  furnace  of  four  retorts,  pot  furnaces,  and 
office.  On  the  same  step  with  the  pans,  but  in  a  separate  building, 
there  are  two  tubular  boilers,  42  inches  by  14  feet;  and  on  the  same 
step  with  the  vanners  are  two  horizontal  engines,  with  10-inch  by 
20-inch  cylinders,  connecting  separably,  by  clutches,  to  a  common 
band  pulley.  The  water  for  the  mill  is  pumped  by  a  Deane  steam- 
pump  to  a  reservoir  above  the  stamps  (not  shown  in  the  drawing). 
It  is  proposed  when  the  mill  has  got  into  such  steady  practice, 
with  the  use  of  steam,  as  to  make  it  proper  to  throw  out  of  work  the 
machinery  driven  by  the  existing  water-power,  to  make  such  altera- 
tions of  the  ditch  and  turbines  as  will  allow  the  connection  of  the 
main  pan-shaft  of  the  mill  with  the  turbines  by  means  of  wire-rope 
transmission,  and  by  this  means  to  insure  the  fullest  command  of 
ample  power  at  all  seasons  of  the  year. 

The  main  objecrts,  therefore,  held  in  view  for  the  San  Miguel  mill 
were  (1),  to  erect  a  mill  which  would  interfere  as  little  as  possible 
during  construction,  with  the  existing  business  of  the  hacienda;  (2), 
to  design  it  for  the  largest  variations  in  process  and  class  of  material, 
with  the  use  of  but  one  well-arranged  plant  (for  a  new  locality,  diffi- 
cult of  access,  and  an  ore  never  before  handled  by  machinery,  the 
largest  freedom  for  experiment  and  comparison  was  deemed  vital); 
(3),  to  give  it  the  largest  means  of  power,  so  that  in  the  wet  season, 
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when  water  is  abundant,  and  dry  wood  scarce,  the  mill  can  be  driven 
by  water-power,  and,  on  the  contrary,  in  the  dry  season,  when  these 
conditions  are  more  or  less  reversed,  steam-power  can  be  used.  The 
Batopilas  River  carries  so  abundant  a  supply  of  water  throughout 
the  year  that  in  all  probability  the  eventual  practice  will  be  entirely 
by  water-jiower  the  whole  year,  except  at  times  of  accident  to  the 
water-power,  when  steam  will  promptly  replace  it.  There  may  un- 
doubtedly be  times  when,  owing  to  great  drought  or  leakage  of  the 
ditch,  the  water-power  will  not  be  ample,  and  in  this  event  the  mill 
will  be  driven  temporarily  part  by  water-power  and  part  by  steam- 
power,  a  possibility  contemplated  in  the  design. 

To  insure  an  increase  of  production  during  the  erection  of  the 
mill,  a  small  plant  of  5  stamps,  2  pans,  1  settler,  1  Frue  vanner,  and 
2  turbines,  was  sent  down  with  the  other  machinery  for  temporary 
use  in  the  yard.  The  intention  was  to  continue  working  the  3 
arrastres  up  to  the  moment  of  the  erection  of  this  temporary  plant, 
and  then  to  cut  them  off  from  the  water-power  and  throw  the  power 
on  the  machinery.  This  was  done  almost  in  the  manner  planned, 
and  the  arrastres  were  given  up  some  months  since.  In  the  same 
way,  the  plan  was,  on  the  completion  of  the  15-stamp  mill,  to  throw 
it  into  work  by  steam-power,  and  then,  moving  the  temporary  5-stamp 
mill  to  its  proper  place  (increasing  the  effective  strength  of  the  mill 
to  20  stamps),  at  once  to  make  such  changes  of  the  water-power  as 
would  allow  the  20-stamp  mill  to  be  driven  entirely  by  water-power, 
with  the  engines  and  boilers  in  place  simply  as  a  supplementary 
plant  for  accidents  and  emergencies. 

The  rationale  of  the  method  of  handling  the  ore  will  be  readily 
seen.  The  ores  which  can  arise  on  the  San  Miguel  property  and  in 
the  district  are : 

A.  Surface  Ores. — Chlorides,  light  ruby  silver,  dark  ruby  silver, 
stephanite,  and  freieslebenite  (never  found  to  a  greater  depth  than 
200  feet,  and  in  many  veins  entirely  wanting). 

B.  Ores  Below  200  feet. — Massive  silver  (unusual) ;  brosa  silver 
(I  silver,  ^  calcspar);  chlspeado  silver  (^  silver,  |-  calcspar);  clavo 
silver,  up  to  800  ounces  to  the  ton ;  azogues,  amalgamating  ores,  40 
to  200  ounces. 

Of  class  A,  none  are  as  yet  known  on  the  San  Miguel  property, 
since  all  the  workings  are  from  a  deep  cross-cut  tunnel.  As  some 
of  the  workings  are  now  300  feet  above  the  tunnel,  and  daily  ad- 
vancing upward,  these  ores  may  at  any  time  arise  for  beneficiation. 
Other  properties  in  the  district,  of  which  the  workings  are  still 
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shallow,  are  producing  more  or  less  of  these  ores,  and  a  handsome 
profit  can  at  any  time  he  made  on  tlieir  purchase. 

The  main  ore  of  the  district  is  shown  in  class  B,  of  which  only  the 
massive  solid  silver  is  unusual.  Since  the  mill  is  designed  mainly 
for  these  ores  the  procedure  with  them  will  be  first  spoken  of. 

I.  The  brosa  and  chispeado  ores  will  be  stamped  either  wet  or 
dry  (in  the  latter  case  with  a  horizontal  screen)  for  the  obtaining  of 
stamp  silver.  If  stamped  wet,  the  operation  will  be  in  one  of  the 
batteries  of  the  main  mill,  through  a  screen,  sending  the  pulp  by 
the  launders  at  will  either  to  concentration  or  pan  amalgamation. 
If  stamped  dry,  it  will  be  done  by  a  3-stamp  Nova  Scotia  battery, 
with  open  front  and  horizontal  screen  (not  shown  in  the  drawing), 
which  has  figured  prominently  in  this  operation  in  the  past  history 
of  the  property.  In  either  event,  the  stamp  silver  will  go  to  scori- 
fication  with  lead  (as  in  the  past),  or  direct  smelting,  with  lead  or 
galena,  in  a  cupola,  if  this  is  found  preferable,  and  then  to  cupellation. 
In  ease  of  smelting  in  a  cupola,  the  stamp  silver  would  need  a  quartz- 
ose  flux  for  the  calcspar,  while,  in  scorification,  the  carrying  off  of 
the  calcspar  is  purely  mechanical  by  means  of  the  litharge,  and  gives 
rather  heavy  losses  in  lead  and  silver. 

II.  The  clavo  and  azogues  ores  are  the  main  raison  d'etre  of  the 
mill  under  discussion.  They  run  from  40  to  800  ounces  in  native 
silver.  While  the  clavo  ores  (containing  nails  and  tacks  of  silver 
sparsely  sprinkled  in  them)  are  greater  than  the  brosa  and  chispeado 
in  amount,  they  are  far  less  in  amount  than  the  azogues,  or  amal- 
gamating ores,  with  which  brosa,  chispeado,  and  clavo  silver  are 
surrounded.  These  two  classes  of  ore  being  fed  by  the  Challenge 
feeders  to  the  several  batteries,  pass  through  the  screens  to  the 
launders,  and  the  pulp  goes  directly  to  amalgamation,  or  to  concen- 
tration, since  these  ores  can  with  equal  facility  be  either  amalga- 
mated or  concentrated. 

In  case  of  amalgamation  every  two  pans  empty  into  one  settler, 
and  the  amalgam  discharges  continuously  from  the  settler  by  cup- 
and-siphon  connection  to  the  amalgam  safe,  in  which  it  is  strained. 
The  amalgam  goes  from  the  strainer  to  the  washing-pan,  and  it  is 
hoped  that  by  this  meciianical  washer  the  amalgam  can  be  thoroughly 
freed  from  pyrite,  mispickel,  and  blende,  and  that  the  retort  silver 
will  be  very  fine.  The  old  practice  with  the  arrastres,  where  the 
amalgam  was  washed  by  hand,  gave  a  retort  so  full  of  blende  and 
pyrites  as  to  necessitate  cupellatitjn  of  the  retort  silver  in  order  to 
produce  fine  bars. 
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Ill  case  these  classes  of  ore  go  to  concentration,  the  tailings,  if 
valuable,  will  go  to  the  pulp-boxes,  and  the  concentrates  be  treated 
either  by  adding  them  directly  to  the  charge  in  the  pans,  or  they 
can  be  added  directly  to  the  charge  of  stamp  silver  in  scorification. 
In  stamping  these  classes  of  ore  some  stamp  silver  will  undoubtedly 
accumulate  in  the  mortars,  consisting  of  spikes,  nails,  and  tacks, 
which  cannot  pass  the  screens.  This  will  be  removed  periodically, 
according  to  its  amount,  and  added  either  to  the  pan-charge  or  to  the 
scorification-charge.  The  mill  can,  as  shown,  work  these  ores  at  any 
time,  entirely  by  amalgamation,  entirely  by  concentration,  or  in  part 
by  amalgamation  and  in  part  by  concentration. 

III.  The  ores  of  class  A,  or  surface  ores,  although  never  great  in 
quantity,  will  be  continually  arising,  either  from  this  property  or  by 
purchase.  Can  this  mill  handle  them?  The  chloride  ores  can  be 
treated  as  though  they  were  native  silver  ores,  and  be  stamped  with 
them  for  the  pulp-boxes  and  amalgamation.  The  ruby  silvers,  the 
black  silvers,  the  freieslebenite,  dufrcnoysite,  etc.,  when  arising  in 
sufficient  quantity  to  warrant  it,  can  be  confined  to  one  battery,  and 
the  pulp  from  this  battery  can  go  to  the  vanners  for  concentration. 
In  such  concentration  70  per  cent,  of  the  black  silver  and  freieslebe- 
nite would  be  obtained,  but  probably  not  more  than  40. per  cent,  of 
the  ruby  silver.  These  concentrates  would  be  roasted  and  then  sub- 
jected to  amalgamation,  or  direct  reduction  with  lead,  and  the  tail- 
ings would  go  to  special  pulp-boxes  for  treatment^  in  a  special  pan 
or  series  of  pans,  either  alone  or  with  a  large  preponderance  of  na- 
tive-silver pulp,  and  the  use  of  chemicals.  In  this  way,  it  is  believed 
that  an  excellent  percentage  of  value  can  be  taken  out  of  such  small 
quantities  of  base  ore  as  arise,  although  it  is  not  assumed  for  a  moment 
that  nearly  as  good  results  with  some  of  them  (e,  g.,  ruby  silver) 
can  be  attained,  as  with  a  dry  mill  especially  adapted  for  them. 
They  are,  however,  only  accidental  ores  of  small  quantity,  from  which 
this  mill  can  obtain  far  larger  profit  in  the  manner  designated,  than 
has  hitherto  been  possible. 

A  few  words  as  to  methods  of  sectionalizing  a  mill  of  this  de- 
scription. The  stamp-stems  are  10  feet  long  and  S  inches  in  diameter, 
bevelled  at  either  end;  the  weight  of  each  is  about  230  pounds,  and 
though  a  load  of  inconvenient  shape,  one  was  easily  carried  by  a 
mule,  with  some  other  weight  in  addition.  The  mortars  needed 
special  care  in  designing,  not  merely  that  they  should  fulfil  the  con- 
ditions of  mule-back  transportation,  but  that  they  should  be  really 
effective  tools  when  assembled.     They  are  52  inches  long  with  9| 
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inches  between  stems.  The  bottom  of  each  is  made  in  five  pieces, 
dovetailed  together,  with  tooled  surfaces  rendered  perfectly  tight 
with  a  rust-joint.  The  housing  of  each  is  boilcr-iron,  cut,  fitted,  and 
punched  before  shipment,  and  joining  the  cast-iron  bed  by  dovetails, 
rust-joints, .and  bolts,  so  as  to  be  absolutely  water-tight.  Each  mor- 
tar is  provided  with  cast-iron  lining-plates,  sectionalized,  so  that  the 
wear  shall  not  come  on  the  housing.  The  pans  and  setUerH  have  sec- 
tionalized  cast-iron  bottoms,  dovetailed,  rust-jointed,  and  bolted, 
and  boiler-plate  housings,  sectional  mullers,  dies,  and  lining-plates. 
The  shafting  was  all  shipped  in  lengths  of  6  to  10  feet.  The  pulleys 
were  shipped  in  the  form  of  cast-iron  hubs,  to  be  built  up  in  wood 
to  the  proper  size.  The  boilers  were  shipped  as  formed,  punched, 
and  marked  plates,  boiler-tubes,  etc.,  and  had  been  carefully  assem- 
bled before  shipping.  The  stacks  were  sent  forward  as  punched  and 
formed  ])lates.  The  engines  and  fly-wheels  were- not  of  a  size  to  oiFer 
difficulty  in  sectionalizing.  All  of  this  material  was  sectionalized 
successfully  between  the  limits  of  150  pounds  for  side  packages  and 
280  pounds  for  back  packages,  and,  to  the  credit  of  the  Fulton 
Foundry,  San  Francisco,  not  a  single  package  was  found  too  heavy 
for  mule-transportation,  either  of  the  70  tons  comprising  this  mill, 
or  of  some  40  tons  additional  of  like  machinery  for  tw^o  smaller  mills, 
designed  and  sent  on  at  the  same  time.  This  machinery  was  trans- 
ported from  San  Francisco  by  steamer  to  Guaymas,  Sonora,  then  re- 
shipped  by  schooner  to  Agiobampo,  300  miles  southward,  between 
Mazatlan  and  Guaymas.  From  Agiobampo  it  was  carried  forward 
by  mules  in  relays.  The  first  relay  consisted  of  Tierra  Caliente 
mules,  unaccustomed  to  the  mountains,  carrying  their  freight  as  far 
as  El  Fuerte.  The  second  relay  took  the  freight  partly  into  the  foot- 
hills of  the  Sierra  Madre,  and  the  third  relay,  consisting  entirely  of 
mountain  mules,  carried  the  freight  over  the  mountain  trails  to 
Batopilas. 

The  cost  of  the  15  stamp  mill  complete,  as  delivered  from  the 
shop,  was  $17,000,  and  it  was  shipj)ed  from  San  Francisco,  January 
10th,  1881.  The  extraordinary  floods  of  an  early  rainy  season,  and 
other  causes  of  a  purely  tropical  character,  delayed  the  com{)letion 
of  the  mill  until  December,  1881.  That  it  will  have  a  great  history 
there  is  but  little  doubt,  as  the  property  is  a  remarkable  one,  and  the 
ore  develoi)ed  for  the  mill  during  its  construction  is  said  to  amount 
to  its  capacity  for  three  or  four  years  ahead.  The  mill  is  designed 
to  run  2  tons  to  the  stamp  per  24  hours,  and  it  will,  not  im])r()bably, 
do  better  duty  with  these  calcspar  ores.     Fifteen  to  twenty  stamps 
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were  selected  as  the  best  experimental  medium,  and  while  subsequent 
mills  in  this  locality  will  undoubtedly  diffe"  in  some  particulars  from 
the  mill  of  San  Miguel,  this  mill  will  give  facts  and  figures  by 
means  of  which  a  more  perfect  mill,  if  needed,  can  be  designed  with 
a  sure  hand. 

This  mill  was  planned  with  the  professional  co-operation  of  Mr. 
John  Magnus  Adams,  of  San  Francisco,  a  member  of  this  Institute, 
to  whose  thorough  knowledge  of  milling  it  owes  many  valuable 
points,  especially  as  to  the  novel  position  of  the  Frue  vanners.  The 
supervision  of  the  work  while  under  construction  in  the  shop,  and  the 
shipping  of  the  finished  plant,  were  also  intrusted  to  this  gentleman. 
It  was  erected  under  the  supervision  of  Mr.  Walter  M.  Brodie, 
a  member  of  this  Institute,  late  Superintendent  of  the  Minas  Xuevas, 
Alamos,  Sonora. 


NOTE  ON  MANGANESE  IN  BESSEMER  RAIL- STEEL. 

.     BY  JOHN  "W.    CABOT,   JOHNSTOWN,   PA. 

The  following  series  of  analyses,  which  may  be  of  interest  to 
Bessemer-steel  makers,  is  submitted  as  a  contribution  to  the  much- 
vexed  discussion  of  manganese  in  Bessemer  steel.  They  were  made 
by  the  writer  in  the  spring  of  1881,  at  the  works  of  the  Pittsburgh 
Bessemer  Steel  Company  Limited,  during  a  period  of  about  eight 
days,  part  of  which  time  the  rail-steel  showed  great  variation  in 
rolling  qualities. 

During  the  first  part  of  the  time  in  question,  it  rolled  well ; 
later  on  it  began  to  roll  worse  until,  finally,  it  cracked  verybadly, 
reaching  its  worst  stage.  After  this  it  rapidly  improved  until  it 
again  rolled  smoothly.  During  this  time  of  transition  from  good 
rolling  to  bad,  and  back  to  good  again,  the  course  of  the  manganese 
was  followed  quite  closely.  It  is  the  striking  correspondence  be- 
tween these  varying  manganese  contents  and  the  differences  in  rolling 
which  is  here  presented  as  worthy  of  notice.  The  other  ordinary 
elements  were  determined  occasionally,  but  showed  no  unusual  vari- 
ation. The  steel,  in  question,  was  ordinary  rail-steel  of  about  the 
following  composition : 

C  =  .35.         P  =  .08.         Mn  =  .98.         Si  =  .08.         S  =  .05. 

The  samples  for  manganese  determinations  were  taken  at  first 
from  an  average  of  tM'O  days'  work,  and  later  on,  when  the  steel 
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rolled  badly,  from  single  blows,  which  were  considered  fiiirly  to 
represent  the  condition  of  the  steel  at  the  time.  In  regard  to  the 
mechanical  condition  and  treatment  of  the  steel,  it  was  made  just  as 
usual,  even  more  care  being  taken  with  the  mixtures,  the  heat  at 
the  vessel,  the  casting,  and  every  detail  of  manufacture  likely  to  af- 
fect its  rolling;  while,  in  the  blooming-mill,  extraordinary  pains 
were,  of  course,  taken  with  the  heating  and  rolling. 

Following  is  a  tabulated  statement  of  the  manganese  percentages, 
with  corresponding  observations  on  the  rolling  qualities  of  the  steel, 
and  also  the  dates  on  which  samples  were  taken. 


Date. 


April  14th  and  15th. 
"  16th  and  18th. 
"  19th 

"  20th. 

21st. 
"  21st. 

"  22d.. 

22d.. 


Manganese. 

Steel  rolled 

.98 

Well. 

.89 

Well. 

.62 

Medium. 

.57 

Badly. 

.46 

Badly. 

.43 

Very  badly. 

.75 

Medium. 

1.08 

•      Well. 

A  curve  is  also  given  in  the  accompanying  diagram  drawn  with 
manganese  percentages,  as  ordinates  and  days  on  which  they  were 
determined  as  abscissae,  each  large  vertical  space  representing  .1  per 
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icnt.  of  manganese,  the  horizontal  distances  being  days.  For  com- 
parison with  this,  an  approximate  curve  of  rolling  is  shown  in  dotted 
lines,  being  plotted  with  horizontal  distances  as  days,  as  before,  and 
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vertical  spaces  representing  the  rolling  of  the  steel  from  *'\vell"  to 
"very  badly." 

In  this  series  of  results  the  manganese  was  apparently  the  only 
element,  either  in  the  chemical  composition  or  mechanical  constitu- 
tion, which  varied  at  all  commensurably  with  the  variation  in  the 
rolling  of  the  steel.  It  would  seem  fair,  therefore,  to  attribute  to  it 
the  variation. 

It  may  be  noticed,  in  this  connection,  that  we  have  here  an  in- 
stance of  rail-steel  made  on  a  formula  somewhat  similar  to  Dr. 
Dudley's,  the  result  of  which  was  decidedly  unsatisfactory. 


j^OTES  ON  THE  LABGE  BLASTS  AT  THE  GLENBON 
LIMES  TO  NE  Q  UABR  Y. 

BY  FRANK  FIRMSTOXE,   GLEXDOX   IROX  WORKS,   EASTON,  PA. 

SixcE  the  blast  fired  August  15th,  1878,  which  was  described  by 
Mr.  Clark,*  and  up  to  November,  1881,  we  have  fired  three  smaller 
blasts,  one  in  the  southwest  corner  of  the  quarry,  and  two  in  the  but- 
tress of  rock  left  standing  by  the  first  blast  near  the  mouth  of  the 
main  gangway. 

We  intended  to  keep  an  exact  account  of  the  stone  thrown  down 
by  each  blast,  but  the  large  quantity  required  by  the  furnaces  since 
the  beginning  of  1879,  and  the  time  taken  up  by  more  important 
matters,  have  caused  this  to  be  neglected,  so  that  it  is  not  possible  to 
separate  exactly  the  cost  and  quantity  of  stone  obtained  during  this 
time  by  the  old  method  from  that  furnished  by  the  large  blasts;  yet 
as  the  latter  quantity  has  been  much  greater  than  the  former,  some 
notion  of  the  value  of  the  large-blast  plan  may  be  reached  by  com- 
paring the  figures  from  September,  1878,  to  November,  1881,  with 
those  for  times  when  the  old  system  was  exclusively  used. 

Since  1878  wages  have  been  raised,  lowered,  and  again  raised,  and 
to  get  a  year  of  sufficiently  large  production  for  fair  comparison  it  is 
necessary  to  go  back  to  that  ending  April,  1872,  when  wages  and 
sui)plies  were  different  from  present  prices  and  from   those  of  1878. 

*  Transactions,  vol.  vii,  p.  266. 
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For  this  reason  the  two  most  important  items  are  given  below  in 
quantities  only  and  not  in  money  : 

AprU.  1871.  to  Sept.  1st,  1878,  to 

AprU,  1872.  Nov.  1st,  1881. 

Stone  delivered  to  furnaces,  .         .         .     58,051  tons.  190,180  tons. 

Stone  per  pound  of  powder,  .         .         .        IxVs     "  ^iVff     " 

Stone  per  man  per  day,  .         .         .        ^i%%     "  ^j^^s^     " 

The  labor  includes  sledging  all  stones  above  about  one  foot  cube, 
loading  on  cars,  and  delivering  by  horse-power  over  a  railroad  about 
a  quarter  of  a  mile  long  to  the  furnaces,  and  dumping  there  ;  the 
powder  includes  all. that  used  in  block  holes  and  driving  gangways, 
in  addition  to  that  used  in  the  large  blasts. 

Steel,  tools,  and  supplies  show  a  considerable  proportionate  re- 
duction, but  the  money  value  of  this  item  is  small  in  both  cases. 

There  has  been  a  slight  reduction  in  the  average  grade  of  labor 
employed,  and  a  corresponding  reduction  in  average  wages  com- 
pared at  the  same  rates. 

In  addition  to  the  great  reduction  in  powder  and  the  considerable 
increase  in  product  per  man  per  day,  we  consider  the  method  by  large 
blasts  as  decidedly  safer  than  the  old  plan.  The  chances  of  blasting 
accidents  are  greatly  reduced  by  doing  away  with  the  sand  blasting  ; 
there  is  no  climbing  along  the  face  to  drill  and  blast,  and  very  little 
to  "  bar"  down  loose  stones,  and  the  loaders  and  sledo;ers,  working: 
generally  at  a  greater  distance  from  the  face,  are  less  exposed  to  in- 
jury from  falling  stones. 


CONTRIBUTIONS  TO  THE  METALLURGY  OF  NICKEL  AND 

OF  COPPER. 

BY  "W.    E.    C.    EUSTIS  AND  H.    M.    HOWE,   BOSTON. 

The  processes  wliicli  form  the  subject  of  this  pa])er  have  been 
experimented  on  in  the  laboratory  of  W.  E.  C.  Eustis,  but  have 
not  passed  beyond  the  experimental  stage.  The  first  is  the  invention 
of  Mr.  J.  L.  Thomson,  of  Capelton,  Quebec,  Canada,  the  others  have 
been  invented  by  the  writers. 

Thomson's  Process  for  the  Extraction  of  Nickel. 

This  consists  essentially  in  first  rendering  the  nickel  magnetic,  and 
then  separating  it  from  the  materials  with  which  it  is  mechanically 
VOL.  X. — 20 
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mixed  by  means  of  a  magnetic  separator.  In  the  case  of  oxidized 
compounds  of  nickel  it  would  generally  be  desirable  to  bring  the 
nickel  to  the  metallic  condition,  in  which  it  is  most  highly  magnetic. 
The  compounds  of  nickel  with  sul})hur  would  probably,  in  the  ma- 
jority of  cases,  be  most  readily  separated  by  bringing  the  nickel  ap- 
proximately into  the  state  of  subsulpliide,  in  which  condition  it  is 
also  magnetic. 

In  most  cases  where  nickel  occurs  with  a  considerable  proportion 
of  the  heavy  metals  it  would  be  best  to  effect  the  magnetic  separation 
before  fusing  the  material,  since,  on  fusion,  the  nickel  would  enter 
into  a  chemical  combination  with  the  other  metals  present,  as  an  al- 
loy, matte,  speise,  or  similar  compound,  from  which,  of  course,  the 
magnet  could  not  separate  it. 

For  cases  where  nickel  occurs  with  a  large  proportion  of  iron,  the 
following  plan  has  been  proposed  by  the  writers :  The  either  natu- 
rally or  artificially  oxidized  compound  of  nickel  is  treated  with  a 
mixture  of  carbonic  oxide  and  carbonic  acid,  or  of  other  reducing 
and  oxidizing  gases,  in  such  proportions  that  they  are  capable  of 
reducing  nickel  so  nearly  to  the  metallic  state  as  to  render  it  mag- 
netic, but  still  containing  so  much  carbonic  acid  or  other  oxidizing 
gas  as  to  be  unable  to  reduce  iron  to  that  condition.  It  cannot  be 
positively  stated  that  it  is  possible  in  this  way  to  render  nickel  mag- 
netic without  at  the  same  time  rendering  iron  magnetic,  but  experi- 
ments made  by  the  writers  render  it  probable  that  this  can  be 
effected.  Having  rendered  the  nickel  magnetic,  it  can  then  be 
separated  with  the  magnet  from  all  matter  with  which  it  is  me- 
chanically mixed. 

This  method  of  reducing  nickel  with  a  mixture  of  gases  not  suf- 
ficiently reducing  to  render  iron  magnetic  is  an  application  of  a  gen- 
eral method  patented  by  the  writers. 

Experiments  tried  with  the  nickel  ores  of  Orford,  Quebec,  Canada, 
which  contain  a  small  portion  of  pure  millerite,  with  calcite,  pyrox- 
ene, and  chrome  garnet,  gave  a  concentrate  containing  over  60  per 
cent,  of  nickel.  Cobalt  would  probably,  in  most  cases,  follow  the 
nickel  into  the  concentrate. 

Magnetic  Process  for  Sulphuretted   Copper  Ores. 

The  ores  of  the  Crown  Mine,  at  Eustis,  Quebec,  Canada,  contain 
chalcopyrite,  pyrite,  marcasite,  and  intermediate  compounds,  contain- 
ing copper  in  every  possible  proportion  from  nothing  to  30  per  cent. ; 
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with  these  sulphuretted  minerals  is  mixed  a  variable  amount  of 
silicious  gangue.  The  writers  found  that,  on  burning  tiiese  ores 
in  heaps  or  in  kilns,  all  the  sulphuretted  minerals  became  mag- 
netic, so  that,  on  making  a  magnetic  separation,  the  whole  of  the 
copper  passed  into  the  concentrate,  only  a  trace  being  found 
in  the  non-magnetic  portion.  Although  the  method  is  inap- 
plicable to  the  Crown  ores  on  account  of  the  small  amount  of 
gangue  which  they  contain,  yet  sulphuretted  ores  of  copper  might, 
in  many  cases,  be  thus  treated  advantageously  if  they  contained 
much  gangue. 

The  necessity  of  first  pulverizing  the  burnt  ore  is  a  drawback  to 
this  as  to  all  other  methods  of  concentration,  since  the  difficulty  of 
any  subsequent  fusion  is,  of  course,  greatly  increased  by  the  fine 
state  of  division  of  the  ore ;  it  places,  however,  the  concentrate  in  an 
excellent  state  for  treatment  in  the  wet  way.  The  consumption 
of  power  in  pulverizing  a  burnt  ore  is  very  much  smaller  than  in 
pulverizing  the  same  ore  when  raw,  which  is  so  much  to  the  advan- 
tage of  the  magnetic  separation  as  compared  wath  the  ordinary  me- 
chanical separation. 

The  following  obvious  extension  of  the  above  principle  is  pro- 
posed by  the  writers :  Any  metal  existing  in  chemical  combination 
with  any  oxide  or  sulphide  of  iron,  or  nickel,  or  cobalt,  or  with  any 
other  combination  of  either  of  those  metals  capable  of  being  rendered 
magnetic,  can  be  separated  by  the  magnet  from  all  gangue  and  other 
materials  with  which  it  is  mixed,. excepting  such  materials  as  would 
necessarily  be  rendered  magnetic  by  the  treatment  which  renders 
magnetic  the  metal  which  it  sought. 

The  separation  of  gold  bearing  pyrites  from  quartz  and  other 
gangues  might  sometimes  be  advantageously  effected  in  this  way. 

Electrolytic  Method  for  Separating  Nickel  and  Other 

Metals. 

This  process  consists  essentially  in  the  precipitation  of  nickel  and 
other  metals  from  their  molten  slags,  on  bars  of  iron  or  other  metal 
inserted  in  the  slag.  The  process  of  Rivot  and  Philipps  precipitates 
copper  from  its  molten  slags  on  iron  bars.  Our  experiments  prove 
that  not  oidy  iron,  but  even  copper  precipitates  nickel  from  its  fused 
silicates,  and,  conversely,  that  neither  nickel  nor  copper  will  pre- 
cipitate iron  from  its  slags,  nor  will  nickel  precipitate  copper  from 
cupreous  slags. 
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In  the  experiments,  an  oxidized  salt  of  the  metal  which  we 
sought  to  precipitate  was  fused  Mnth  silicates  of  iron  and  lime,  and 
with  nitre  or  some  other  strongly  oxidizing  flux,  to  insure  the  com- 
plete oxidation  of  the  metal  before  the  attempt  to  precipitate  it  was 
made.  After  complete  fusion,  we  inserted  into  the  slag  a  bar  of  the 
metal  on  which  it  was  proposed  to  precipitate  the  metal  contained  in 
the  slag. 

On  suspending  iron  bars  in  nickel-bearing  slag,  they  were 
rapidly  coated  with  a  beautiful  covering  of  nickel,  in  many  cases 
adhering  tenaciously,  and  having  a  surface  resembling  Etruscan 
gold  in  texture.  The  nickel,  as  it  precipitated,  would  run  down 
the  sides  of  the  bars  and  trickle  from  their  ends,  forming  lit- 
tle buttons  in  the  bottom  of  the  crucible.  These  buttons  con- 
tained considerable  quantities  of  iron,  although  the  iron  bars  were 
suspended  some  distance  above  them.  From  this  it  is  to  be 
inferred  that  the  iron  alloyed  with  the  freshly-precipitated  or 
nascent  nickel  while  the  latter  was  running  down  its  sides.  Whe- 
ther it  would  be  possible  to  precipitate  nickel  at  so  low  a  tempera- 
ture that  iron  would  not  alloy  with  it,  we  cannot  state;  but  that 
nickel  is  precipitated  from  its  slags  at  temperatures  considerably 
below  its  melting-point  is  indicated'  by  the  following  experiment : 
When  copper  bars  were  inserted  in  a  melted  nickel-bearing  slag, 
the  sides  of  the  bars  were  rapidly  coated  with  metallic  nickel. 
Now  at  the  point  of  contact  of  the  slag  with  the  copper  bars,  the 
slag  can  have  been  but  slightly  above  the  melting-point  of  copper, 
and  therefore  far  below  that  of  nickel.  For  the  solid  part  of  the 
copper  bars  cannot  have  been  hotter  than  the  melting-point  of 
copper.  The  melted  layer  of  copper  (if  any)  on  the  surface  of  the 
solid  portion  must  have  been  very  thin,  as  otherwise  it  would  have 
trickled  down  the  sides  of  the  solid  portion,  and,  being  very  thin, 
its  outside  surface  can  have  been  but  little  above  the  surface 
of  the  solid  portion,  which  latter  could  not  have  been  hotter  than 
the  melting-point  of  copper;  and,  finally,  the  layer  of  slag  which 
was  in  contact  with  the  thin  film  of  copper  on  the  outside  of  the 
copper  bars  must  have  been  but  infinitesimally  hotter  than  the  surface 
of  that  melted  copper.  Nevertheless,  from  the  comparatively  cool 
surface  of  contact  between  the  copper  and  the  slag,  nickel  did  rapidly 
precipitate. 

To  make  this  precipitation  of  metals  from  their  fused  slags 
more  thorough  and  rapid,  we  propose  to  pass  a  current  of  elec- 
tricity through  the  slag  while  it  lies  melted   on  the  hearth  of  a 
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reverberatory  or  other  suitable  furnace.  The  furnace-bottom  would 
be  made  the  anode  of  the  current,  and  the  metallic  bars  inserted 
into  the  fused  slag  would  act  as  cathodes.  In  many  furnaces  the 
bottom  contains  sufficient  metallic  matter  to  make  a  very  efficient 
cathode,  but  a  carbon  bottom,  such  as  has  been  used  for  the  produc- 
tion of  ferromanganese  on  the  open  hearth,  would  probably  act 
much  more  efficiently. 

The  writers  hope  at  another  time  to  present  to  you  further 
facts  as  to  the  relative  positions  of  the  metals  on  the  scale  of 
electropositiveness  at  these  high  temperatures,  and  in  slags  of  differ- 
ent compositions  and  different  degrees  of  acidity. 


ELEGTniCAL  APPABATUS  AND  PBOGESSES  FOB  THE 
MINING  AND  METALLUBGIGAL  ENGINEEB. 

BY  N.    S.   KEITH,   NEW  YORK  CITY. 

No  one  of  the  live  subjects  of  the  day,  to  which  the  attention  of 
the  mining  engineer  and  metallurgist  should  be  turned,  is  of  greater 
practical  interest  to  him  than  electricity  in  its  applications  to  various 
mechanical,  chemical,  and  metallurgical  operations.  The  object  of 
this  paper  is  to  call  the  attention  of  my  fellow-members  and  asso- 
ciates of  the  Institute  to  various  new,  as  well  as  comparatively  old, 
developments  in  the  science  and  art  of  electricity  which  seem  to 
promise  results  of  advantage. 

Too  many  of  the  comparatively  old  applications  have  been  ne- 
glected by  the  mining  engineer,  which,  if  he  had  given  them  a  place 
among  his  appliances,  would  have  assisted  him  greatly.  The  tele- 
graph may  be  noticed  as  one.  Its  use  is,  however,  confined  to  a 
person  having  skill  in  the  manipulations  of  the  key,  the  reading  of 
the  ali)habet,  and  familiarity  with  the  sounder.  One  of  the  simpler 
forms — the  call-bell — has  a  range  of  application  far  greater  as  to 
distance  and  convenience  than  the  old  wire-pull,  or  the  hoarse  voice 
of  the  windlass-manor  the  bucket-dumper.  A  few  Leclanch6  cells, 
two  or  more  electric  bells,  and  a  mile  or  more  of  wire  judiciously 
placed  will  put  the  superintendent,  at  his  office,  in  communication 
with  the  foremen  of  his  mills  and  mines,  so  that  by  the  aid  of  a  code 
of  signals,  great  advantages  may  be  gained  without  necessitating 
a  knowledge  of  the  Morse  alphabet,  or  of  the  mechanical  voice  of  the 
sounder.     The  telephone  furnishes  a  means  of  communication  be- 
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tween  the  often  widely  separated  places  of  duty,  which  will  save 
many  a  step,  much  loss  of  time,  and  wear  of  horse  and  body.  It 
can  be  used  by  anyone  who  can  speak. 

But  I  wish  to  call  attention  particularly  to  a  description  of  new 
applications  of  electricity  which  the  miner  and  metallurgist  will 
find,  before  long,  so  essential  to  his  profession  that  their  theory  and 
practice  will  be  taught  in  the  schools  the  same  as  metallurgy,  miner- 
alogy, and  chemistry  now  are.  That  which  we  may  call  the  new 
electricity  is  due  to  the  practical  development  of  the  theory  of  the 
conservation  of  energy,  and  the  consequent  production  of  mechanism 
for  the  generation  of  currents  of  electricity  of  any  desired  quantity 
and  tension.  So  new  is  tiiis  electricity,  in  fact,  that  even  the  re- 
cent graduates  of  the  mining  schools  know  little  or  nothing  of  its 
modes  of  production  or  of  its  applications  in  practice. 

I  will  speak  of  the  new  applications  which  are  the  result  of  the 
extensive  production  of  machinery  for  generation  of  electricity. 
First  comes  that  which  appeals  sensibly  to  the  eye — light.  It 
has  been  fully  determined  that  there  is  no  light,  except  daylight,  as 
cheap  as  that  produced  by  the  voltaic  arc  ;  none  so  pure  in  color, 
none  so  bright.  Many  arc  lights  are  in  use  in  rolling-mills,  machine- 
shops,  hydraulic  mines,  surface  works,  and  other  places.  The  miner 
needs  the  electric  light  in  the  shaft-house,  the  stamp-mill,  and  at 
the  furnace.  If  he  has  no  engine  at  the  shaft-house  the  one  at  the 
stamp-mill  or  furnace  can  be  used  to  run  an  electric  generator,  so 
that  not  only  his  shaft-houses  can  be  illuminated,  but  also  his  mill 
or  furnace,  and  even  the  road  between,  much  cheaper  than  he  can 
produce  one-tenth  of  the  light  by  the  use  of  candles  or  kerosene, 
and  with  much  greater  safety. 

It  is  doubtful,  however,  whether  the  voltaic-arc  light  will  be  of 
any  great  practical  utility  in  narrow  veins  of  mines,  because  the 
light  produced  is  too  great  in  quantity  and  much  more  than  is 
needed,  by  far,  in  the  narrow  space.  Nor  in  the  headings  or  stopes 
is  it  applicable,  as  it  requires  in  such  places  too  frequent  moving. 
The  work  at  the  new  railroad  tunnel  through  Bergen  Hill,  at  Wee- 
hawken,  is  successfully  and  economically  lighted  by  eleven  arc  lights 
placed  upon  the  circuit  from  one  electric  machine,  two  and  one-half 
miles  long.  The  conductors  are  of  well-insulated  copper  wire,  car- 
ried along  the  ground,  upon  poles,  down  and  up  the  shafts,  and  into 
the  various  headings.  The  men  can  do  more  and  better  work  in 
the  good  light.     In  lighting  the  banks  at  hydraulic  mines,  in  iron- 
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ore  i)its,  in  open  cuts  of  railroad  work;  in  fact,  in  all  large  spaces 
in  which  night-work  is  carried  on,  this  light  has  no  equal. 

Take  now,  some  of  the  apj)lioations  of  electricity  which  can  be 
used  by  the  miner  and  metallurgist  if  he  has  at  his  main  engine,  or 
water-wheel,  a  suitable  generator  of  electricity.  He  may  be  sink- 
ing a  shaft  at  the  top  of  a  mountain  where  it  would  be  impracticable 
to  place  or  operate  a  steam-engine.  If  he  places  there  an  electric 
motor,  and  connects  it  with  a  generator  by  conducting  wires,  he 
will  have  power  at  his  command  at  the  shaft,  which,  by  the  mere 
turning  of  a  switch-handle,  will  work  the  whim  or  windlass,  and 
hoist  ore  or  rock,  or  work  a  pump.  I  have  an  instance  at  hand 
where  electricity  is  now  used  in  mining  for  the  transmission  of  power, 
in  the  Loire  Valley,  in  France,  at  the  works  of  the  Compagnie  de 
la  Ferroniere.  One  Gramme  machine  is  employed  as  a  generator  of 
electricity,  and  another  as  a  motor  attached  to  a  drum  which  stands 
at  the  head  of  an  inclined  plane  1 10  meters  long,  with  a  grade  of  4 
centimeters  per  meter.  The  generator  is  1200  meters  from  the 
motor.  The  load  raised  is  about  800  kilograms  (1760  pounds),  and 
the  ascent  is  made  in  one  minute  and  a  half.  The  M'ork  goes  on 
with  great  regularity.  The  starting  and  stopping  can  be  done  as 
gently  as  desired.  By  means  of  a  galvanometer  in  the  circuit  one 
can  tell  at  any  moment  what  is  being  done  at  the  incline,  whether 
the  work  is  stopped,  whether  the  wagons  are  coming  up  filled,  or 
not,  etc.     The  work  is  about  two-thirds  of  a  horse-power. 

By  means  of  this  current  one  can  ignite  blasts,  and  work  elec- 
tric drills,  which  are  said  to  be  economical  in  comparison  with  the 
steam  drill.  The  operator  can  stop  and  start  the  drill  at  will, 
and  have  all  the  advantages  of  mechanical  movements  without  the 
constant,  personal  attention  of  an  engineer  at  the  shaft.  He  can 
light  all  his  works  from  a  central  station  at  the  mill,  or  other  place 
where  he  has  available  power.  Branch  wires  can  be  taken  to  the 
laboratory,  where  the  electric  current  will  aid  him  in  his  analyses 
and -tests,  and  with  it  he  can  heat,  boil,  cupel,  roast,  and  perform  all 
the  operations  of  the  laboratory  which  require  heat,  power,  or  the 
determination  of  chemical  affinity.  It  will  detect  imperceptible 
flaws  in  iron  and  steel  bars,  and  determine  the  amount  of  carbon  in 
steel.  Think  of  melting  metals  by  the  fall  of  water  !  The  sugges- 
tion of  it  even,  not  so  many  years  ago,  would  have  secured  our  ex- 
communication. 

It  would  take  too  long,  and  far  exceed  the  proposed  limits  of  this 
paper,  for  me  to  enter  into  the  particular  modes  and  apparatus  for 
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carrying  on  the  various  operations  which  I  iiave  enumerated;  but 
I  will  briefly  describe  a  few  practical  operations  which  can  be  car- 
ried out  on  a  large  scale. 

For  quite  a  number  of  years,  in  the  neighborhood  of  Swansea,  in 
Wales,  a  method  of  refining  copper  and  separating  such  gold,  silver, 
and -other  metals  which  the  impure  copper  may  contain,  has  been 
in  practical  operation  on  a  large  scale.  Plates  of  black  copper 
are  made  the  anode  in  an  electrolytic  bath,  consisting  of  a  solution 
of  sulphate  of  copper.  Other  thin  plates  of  pure  copper  are  made 
the  cathode  in  the  bath.  By  the  electrolytic  action  of  the  current, 
produced  by  an  electric  generator,  copper  alone  is  dissolved  from  the 
black  copper,  and  is  deposited  in  a  pure  state  upon  the  cathode.  The 
impurities  of  the  black  copper  sink  to  the  bottom  of  the  vat,  and 
are  removed  from  time  to  time  and  treated  for  their  contents  of  gold 
and  silver.  The  cathodes,  as  soon  as  they  have  reached  the  desired 
weight,  are  removed,  and  the  copper  thereon  is  melted  and  cast  into 
ingots  for  the  market.  This  process  has  been  found  more  economical 
than  any  other  for  accomplishing  the  same  result. 

An  analogous  process  is  the  one  invented  by  me  for  the  refining 
anddesilverization  of  base  bullion.  The  bullion,  in  plates,  is  placed 
in  a  solution  of  acetate  of  soda  and  sulphate  of  lead,  and  is  so  con- 
nected with  the  source  of  electricity  as  to  be  an  anode,  while  plates 
of  other  metal  are  the  cathode.  Lead  is  dissolved  and  deposited 
electrolytically;  and  the  deposit  is  practically  pure.  I  have  invented 
an  improvement  on  this  process,  which  consists  in  taking  the  skim- 
mings of  zinc,  lead,  and  silver,  which  come  from  the  kettles  in  the 
process  of  desilverization  by  means  of  zinc,  and  putting  them  in 
bags  as  an  anode,  dissolving  both  the  lead  and  zinc,  electrolytically, 
and  depositing  them  together  as  an  alloy,  or  mixture,  upon  the 
cathode  plates.  The  contents  of  gold,  silver,  etc.,  are  retained  in 
the  bags,  and  are  treated  for  these  metals  by  smelting.  The  com- 
bination of  pure  lead  and  zinc  is  removed  from  the  cathode  and 
added  to  the  next,  or  some  other  succeeding  lot  of  base  bullion,  put 
into  the  kettles  for  desilverization,  and  in  that  manner  the  process 
continues.  In  place  of  treating  the  whole  mass  of  bullion  by  electro- 
lysis, I  get,  in  the  first  place,  by  the  zinc  desilverization,  say,  80  per 
cent,  of  the  base  bullion  as  market  lead ;  and,  say,  22  per  cent,  of  a 
mixture  of  rich  lead  and  zinc,  which  goes  to  electrolytic  treatment.  By 
adding  then,  the  pure  lead  and  zinc  to  the  succeeding  lot  of  bullion, 
I  effect  the  desilverization,  and  remove  from  it,  as  market  lead,  an 
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amount  approximately  equal  to  the  quantity  of  lead  which  is  in  the 
bullion  placed  in  the  kettle. 

The  process  which  has  within  a  yffii'  or  two  been  reintroduced  by 
Siemens  for  melting  steel  by  electricity  can  be  applied  to  melting 
other  metals  and  materials.  Tiie  apparatus  for  this  oi)cration  is 
comparatively  simple.  Take  a  black-lead  crucible  of  proper  size 
and  put  it  in  another  suitably  larger,  and  in  the  space  between  tlie 
walls  of  the  two  pack  some  good  non-conducting  material  like  as- 
bestos. Introduce  through  a  hole  in  the  bottom  of  this  combination 
a  carbon  rod,  like  one  used  in  the  electric  arc  light,  and  lute  around 
it  well  with  a  paste  of  clay  and  graphite,  so  that  it  forms  a  con- 
ductor to  the  interior  of  the  inner  crucible.  Next  provide  a  cover, 
with  a  hole  in  the  centre  of  a  size  to  admit  freely  another  carbon 
rod.  Now  place  above  the  crucible  the  mechanism  of  an  electric 
lamp  so  that  the  carbon  carried  by  its  movable  rod  can  enter  the 
crucible  through  the  hole  in  the  cover.  Place  in  the  crucible  an 
amount  of  steel,  or  other  metal,  put  on  the  cover,  pass  through  the 
hole  in  it  the  carbon  rod,  and  connect  it  with  the  movable  carbon 
carrier  of  the  lamp;  connect  the  body  of  the  lamp  with  the  positive 
pole  of  the  current  generator,  and  then  connect  the  carbon  which 
passes  through  the  bottom  of  the  crucible  with  the  negative  pole. 
Immediately  the  upper  carbon  will  be  automatically  withdrawn 
slightly  from  contact  with  the  metal  in  the  crucible  and  form  a  vol- 
taic arc  at  that  place.  Fusion  goes  on  rapidly,  so  that  some  pounds 
of  steel  can  be  fused  in  twenty  minutes.  The  lamp  mechanism  serves 
to  keep  the  carbon  rod  at  its  proper  separation  from  the  metal. 
Siemens  says  that  there  is  no  other  equally  economical  mode  of 
fusing  small  amounts  of  steel,  because  there  is  none  which  so  con- 
centrates the  heat  upon  the  material  which  it  is  desired  to  fuse. 
In  fact  the  fusion  takes  ])lace  before  the  outer  crucible  is  raised  any 
considerable  degree  in  temperature. 

The  latest  development  in  electricity  is  in  the  so-called  "storage" 
of  it.  By  the  term  "  storage  of  electricity,"  I  do  not  desire  to  be 
understood  literally,  any  more  than  I  would  be  so  understood  in 
speaking  of  the  store  of  heat  in  coal.  It  is  merely  a  convenient 
term,  which  avoids  giving  a  chapter  in  physics.  The  first  stor- 
age of  electricity,  other  than  in  its  so-called  static  condition,  was 
effected  by  Plante  in  his  well-known  secondary  battery.  In  this 
case,  as  in  all  subsequent  arrangements  for  storage,  energy  is  absorbed 
in  the  decomposition  of  water  by  electricity,  which  is  again  given 
u})  as  a  current  of  electricity  when  the  proper  circuit  is  furnished  ; 
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or,  better  said,  when  the  proper  association  of  materials  is  made. 
The  value  of  this  arrangement  of  Plante,  and  the  scope  of  applica- 
tion of  its  modifications  has  not  been  recognized  until  recently. 

There  is  nothing  to  be  gained  by  expending  zinc  and  acid  for  the 
production  of  electricity  to  effect  chemical  decomposition  for  sake  of 
the  subsequent  reverse  action  as  electric  current,  for  the  battery  can 
be  used  directly  whenever  such  current  is  desired.  But  the  recent 
mechanical  means  of  generating  electricity  have  so  cheapened  its  pro- 
duction that  it  is  now  sometimes  desirable  to  store  up  the  electricity 
produced,  as  it  were,  in  some  portable  form,  so  that  it  may  be  util- 
ized in  a  place  which  is  not  available  for  its  direct  production  and 
use. 

The  line  of  development  which  has  received  the  greatest  attention 
is  the  one  of  which  Plant6's  secondary  battery  is  the  type.  Faure's 
arrangement  is  the  most  prominent.  The  capacity  of  both  depends 
upon  the  porosity  of  the  surfaces  of  two  lead  plates ;  one  in  con- 
nection with  the  positive,  and  the  other  with  the  negative  pole  of  a 
source  of  electricity.  Plante's  cell  acquired  its  limited  capacity  by  the 
result  of  repeated  oxidations  and  reductions,  effected  electrolytically, 
of  the  surfaces  of  the  lead  while  in  a  bath  of  acidulated  water. 
Faure  increased  this  capacity  by  applying  a  coating  of  oxide  of  lead 
directly  to  the  lead  plates,  so  that  the  increase  on  a  given  surface,  in 
comparison  with  Plante's,  is  in  the  proportion  of  2000  to  75. 

The  operation  of  charging  and  discharging  these  cells  is  as  follows: 
A  source  of  electricity,  having  an  electromotive  force  somewhat  in 
excess  of  two  volts,  is  connected,  as  before  stated,  with  the  two  lead 
plates  in  a  bath  of  water  acidulated  by  sulphuric  acid,  and  the  cur- 
rent is  allowed  to  flovv  in  them  for  a  time,  limited  by  the  current  and 
capacity.  The  result  is  that  the  coating  on  one  plate  is  peroxidized, 
and  the  other  has  its  coating  of  oxide  reduced  to  metallic  lead.  If 
the  source  of  electricity  be  then  disconnected,  and  the  wires  which 
are  attached  to  the  lead  plates  be  kept  separate,  the  charge  will  be 
only  very  slowly  dissipated.  But  if  the  wires  be  connected,  either 
directly  or  through  any  conducting  substance,  an  electric  current 
will  flow  in  the  reverse  direction  to  that  which  was  passed  through 
the  arrangement  from  the  source  of  electricity,  until  the  original 
condition  of  oxide  on  both  plates  is  resumed.  The  action  of  the 
current  through  the  plates  is  first  to  decompose  the  water  of  the  solu- 
tion in  which  the  plates  are  immersed ;  the  oxygen  goes  to  the  posi- 
tive plate  and  is  absorbed  in  peroxidation,  while  the  hydrogen  goes 
to  the  negative  plate  and  acts  there  as  a  reducing  agent,  making 
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metallic  lead  from  the  oxide.  The  reverse  action  takes  place  when 
the  wires  are  connected.  So  it  will  be  seen  that  the  original  electric 
current  determined  a  chemical  affinity,  which,  when  circumstances 
allow,  reasserts  itself  with  the  development  of  a  current  of  electricity. 
On  a  future  occasion  I  expect  to  be  able  to  describe  a  storage  battery 
of  my  own  invention,  the  particulars  of  which  I  am  not  at  pres- 
ent prepared  to  give. 

Sir  William  Thompson  found  one  million  foot-pounds  of  electrical 
energy  stored  in  a  box  weighing,  Avith  its  contents,  180  pounds,  made 
by  Faure,  at  Paris,  which  he  set  free  by  use  in  Scotland. 

The  decomposition  of  only  one  pound  of  water  by  electricitv  ab- 
sorbs about  5,300,000  foot-pounds  of  energy,  which  can  be  drawn 
at  will  from  the  storage  battery  thi-ough  an  electric  motor.  This 
equals  2f  horse-power  for  an  hour.  The  waste  of  power  in  the  pro- 
cess of  storing  is  not  yet  well  determined,  but  the  economic  results 
promise  to  be  favorable,  and  if  expectations  be  realized,  the  applica- 
tions of  "  bottled  electricity  "  will  be  many. 

DISCUSSION. 

Prof.  C  O.  Thompson  :  Can  you  give  me  any  information  with 
regard  to  a  possible  pollution  of  the  atmosphere  by  the  electric  light 
through  the  formation  of  compounds  of  oxygen  with  nitrogen  ? 

Mr.  Keith  :  I  cannot  say  that  there  are  any  specific  data  on  this 
point.  Ozone  is  probably  formed,  and  that  may  possibly  act  upon 
nitrogen  of  the  atmosphere  to  form  nitric  acid.  Some  investigators 
have  said  that  nitric  acid  can  be  detected  in  the  neighborhood  of  the 
voltaic  arc,  but  not  in  deleterious  quantity.  Ozone  acts  to  oxidize 
organic  matter,  and  to  that  extent  may  be  a  purifier  of  the  atmos- 
phere. 

Mr.  G.  W.  Maynard:  I  am  glad  to  bear  testimony  to  the 
utility  of  the  electric  light  in  mills.  I  have  seen  it  in  use  in  several 
mills  having  from  twenty-six  to  sixty  stamps,  with  great  success. 
The  apparatus  used  were  generally  those  made  by  the  Brush  Com- 
pany, and  of  the  arc  type.  The  light  has  a  very  penetrating  qual- 
ity, especially  useful  in  the  dust  of  dry  stamp-mills.  Under  its 
use  the  atnount  of  work  done  by  employes  is  very  materially  in- 
creased. 

Electricity  is  used  for  the  refining  of  black  copper  in  South  Wales, 
by  the  Messrs.  Elkington.  1  believe  they  use  a  chloride  solution 
instead  of  a  sulphate,  so  that  insoluble  chloride  of  silver  is  formed 
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at  the  anodes.  A  very  large  number  of  tanks  are  used,  and  the 
electric  generators  are  those  made  by  Wilde,  of  Manchester,  Eng- 
land. This  process  is  also  in  -use  at  Mansfield,  Hamburg,  and  other 
places  in  Germany. 

Mr.  H.  M.  Howe:  Will  Mr.  Keith  tell  us  whether  one  pound  of 
his  apparatus,  including  apparatus  and  contents,  will  contain  as 
much  energy  as  one  pound  of  coal ;  and  also,  roughly,  what  will  be 
the  cost  of  1000  foot-pounds  as  stored  in  this  manner,  that  we  may 
see  how  the  cost  of  energy  so  stored  compares  with  its  cost  when 
stored  in  coal  ? 

Mr.  Keith:  The  comparative  aggregates  of  energy  are  due  to 
the  combinations  of  two  elementary  substances  in  each  case.  In  one 
to  the  union  of  oxygen  and  carbon  for  heating  water  in  the  produc- 
tion of  steam  for  an  engine ;  and  in  the  other  case  to  the  union  of 
oxygen  and  hydrogen  to  form  water  with  an  incidental  current  of 
electricity.  The  amount  of  energy  due  to  these  unions  is  well  known. 
Twelve  parts  of  carbon  combine  with  thirty-two  of  oxygen  to  form 
forty-four  of  carbonic  acid,  with  a  freeing  of  energy  equal  to  about 
11,000  foot-pounds.  Two  parts  of  hydrogen  combine  with  sixteen 
of  oxygen  to  form  eighteen  of  water  while  6800  foot-pounds  of  en- 
ergy are  freed.  Our  best  steam  apparatus  utilizes  scarcely  10  per 
cent,  of  the  energy  due  to  the  combustion ;  but  it  is  a  very  poor 
electric  motor  which  will  not  utilize  more  than  50  per  cent,  of  elec- 
tric energy  supplied  to  it.  Some  recent  machines  are  said  to  utilize 
from  85  to  90  per  cent.  Thus  it  will  be  seen  that,  pound  for  pound, 
the  electric  energy  is  the  greater.  The  energy  due  to  the  union  of 
oxygen  and  hydrogen  to  form  a  pound  of  water  exceeds  five  million 
foot-pounds;  and  this  can  be  stored  for  use  electrically  in  apparatus 
weighing  not  two  hundred  pounds. 

Mr.  Howe  :  So  there  is  more  available  power  in  one  pound  of 
your  machine  than  in  one  pound  of  coal  ? 

jSIr.  Keith  :  I  cannot  now  say  that  when  we  take  into  considera- 
tion the  weight  of  apparatus.  But  in  the  matter  of  materials  which 
go  to  develop  the  energy ;  yes,  and  in  the  proportion  of  about  four- 
teen to  nine.  And  in  the  matter  of  available  energy,  this  is  prob- 
ably large  enough  to  more  than  counterbalance  the  weight  of  ap- 
paratus. 

Prof.  Silliman  of  New  Haven  :  I  have  had^some  experience  in 
the  deposition  of  copper  by  the  dynamo-electric  machine,  both  practi- 
cally and  theoretically.  The  process  may,  in  my  judgment,  be  made 
a  commercial  success.     In  the  particular  instance  to  which  I  allude 
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it  was  not  commercially  successful  for  tlie  want  of  a  large  enough  dy- 
namo. We  had  not  at  that  time  one  of  sufficient  "  quantity."  One 
was  begun  by  Mr.  Weston,  at  Newark,  of  suitable  magnitude,  but 
failed  of  completion  owing  to  destruction  of  his  works  by  fire.  It  is 
merely  a  question  of  cheapness  of  power  and  the  use  of  a  suitable 
dynamo;  always  with  the  understanding  that  the  attempt  must  not 
be  based  upon  doing  work  beyond  the  capacity  of  the  dynamo. 

Steel  wires  are  coated  with  copper  at  the  works  of  Wallace  & 
Sons,  at  Ansonia,  Conn.,  for  use  in  telegraphy.  Copper  enough  is 
deposited  on  them  by  electricity  so  that  small,  strong  conductors  are 
produced,  equal  in  conductivity  to  the  much  larger  and  heavier  iron 
wire  heretofore  used. 

Mr.  Keith  :  I  doubt  the  relative  economy  of  the  use  of  elec- 
tricity in  the  separation  of  gold  from  silver.  The  process  used  in 
the  government  assay  office  and  mints  gives  by-products,  which 
pay  very  much  of  the  expense  of  separation  by  means  of  acids. 

Mr.  Howe:  While  black  copper  is  successfully  refined  electro- 
lytically  at  Birmingham  and  Mansfield,  copper  refiners  in  this 
country  in  vain  endeavor  to  learn  how  to  do  it.  I  have  clients  who 
would  pay  any  reasonable  price  to  the  man  who  could  carry  out  the 
electrolysis  of  argentiferous  black  copper  rapidly  and  cheaply.  This 
is  one  of  the  great  needs  of  the  copper  industry  in  this  country. 

A  very  interesting  process  for  the  extraction  of  aluminium  from  its 
oxidized  compounds  has  lately  been  described  to  me  by  its  inventor. 
The  aluminous  compound  is  placed  in  a  carbon  crucible,  which  is 
connected  as  the  cathode  of  an  electric  current  of  great  intensity.  A 
voltaic  arc  is  then  thrown  across  from  another  electrode  against  this 
carbon  crucible,  the  current  thus  first  melting  and  then  decomposing 
the  aluminous  compound,  metallic  aluminium  being  deposited  on  the 
sides  of  the  crucible. 

Mr.  Keith  :  I  have  heard  such  a  process  vaguely  hinted  at,  but 
must  say  that  I  do  not  understand  how  aluminium  can  be  produced 
except  by  some  variation  of  the  process. 
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THE  SOUTHEBN  SOAP  STONES,  KAOLIN,  AND  FIRE- 
CLAYS, AND  THEIB  USES. 

BY  PROFESSOK  P.    H.    MELL,   JR.,    PH.D.,   AUBURN,   ALABAMA. 

Among  the  minerals  exhibited  at  the  Atlanta  Exhibition  of  1881, 
soap.stone,  kaolin,  and  asbestos  were  well  represented.  The  first  two 
occur  in  large  quantities,  of  very  pure  quality,  throughout  the  South. 
The  last  is  somewhat  limited  in  amount,  yet  in  certain  localities  it 
exists  in  masses  sufficiently  large  to  pay  for  working;  in  North  Car- 
olina, Georgia,  and  Alabama  it  has  been  mined  with  some  profit.  I 
would,  in  this  paper,  call  special  attention  to  the  minerals  soapstone 
and  kaolin,  because  their  many  valuable  qualities  seem  to  have  been 
almost  entirely  overlooked  by  our  Southern  manufacturers.  Steatite, 
particularly,  occurs  in  such  large  quantities,  and  generally  in  such  close 
proximity  to  the  great  iron  regions  of  Alabama  and  Georgia,  that  it 
is  amazing  that  the  iron  companies  will  persist  in  sending  abroad 
under  heavy  expense  for  firebrick.  It  would  require  a  much 
smaller  sum  of  money  to  quarry  this  rock  and  place  it  at  the  various 
furnaces  ;  and  the  results  obtained,  I  am  sure,  would  prove  its  su- 
periority over  the  majority  of  firebrick  brought  into  this  region. 

Soapstone,  as  well  as  kaolin,  is  found  throughout  the  metamorphic 
regions  of  Alabania,  Georgia,  South  Carolina,  and  North  Carolina. 
Below  will  be  found  seven  analyses  that  I  have  made  of  this  min- 
eral, taken  from  various  points  in  the  four  States  above  mentioned. 
I  have  also  subjected  these  same  specimens  to  severe  fire-tests,  and 
the  results  were  very  satisfactory.  The  tests  were  conducted  in  the 
following  manner :  Small  portions  of  the  compact  variety  were  care- 
fully weighed  and  placed  in  a  Fletcher's  new  crucible  furnace  for 
gas,  and  subjected  for  half  an  hour  to  a  heat  that  will  in  12  minutes 
fuse  iron.  The  only  effect  upon  these  specimens  was  a  slight  change 
in  color  to  a  darker  shade,  a  small  loss  in  weight,  due  evidently  to 
the  evaporation  of  water,  and,  in  one  or  two  specimens,  a  slight  de- 
gree of  fusion  on  the  sharp  edges. 

The  first  specimen  subjected  to  investigation  was  taken  from  a 
large  outcropping  in  Tallapoosa  County,  Alabama. 

Specific  gravity,  2.88;  hardness,  1.9;  color,  blue  gray. 

Composition  : 

Water, 2.68 

Silica, 65.46 

Iron  oxide, 2.10 

Alumina, 15.02 

Magnesia, 15.85 

10061 
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The  second  specimen    came  from  Randolpli    County,   Alabama, 
where  it  is  found  in  hirge  quantities. 

Specific  gravity,  2.64;  hardness,  2.8;  color,  blue  gray. 
Composition  : 


Water,  . 

Iron  oxide, 

Alumina, 

Magnesia, 


2.00 

77.15 

.'Jo 

1.80 
20.00 


100.70 


The  third  specimen  examined  was  taken  from  Clay  County,  Ala- 
bama, where  the  outcropping  is  bold  and  extensive. 

I  had  occasion  to  use  this  rock  several  years  since  in  building  a 
furnace  for  treating  refractory  gold  ores,  and  I  used  it,  at  the  same 
time,  to  incase  a  large  boiler  that  supplied  the  engines  with  steam. 
After  long  and  constant  use  the  rock,  exposed  directly  to  the  fire, 
exhibited  but  little  wear,  and  but  a  slight  fusion  on  the  edges. 

Specific  gravity,  2.89  ;  hardness,  4;  color,  dark  gray. 

Composition  : 


Water,   . 
Silica,     . 
Ii'on  oxide, 
Alumina, 
JVlagnesia, 


3.57 

72  93 

3.22 

3.53 

16  23 

99.48 


The  fusion  of  this  rock  in  the  furnace,  mentioned  above,  was  pos- 
sibly due  to  the  presence  of  iron.. 

The  fourth  analysis  was  made  from  a  specimen  of  very  pure  soap- 
stone  found  in  extensive  beds  near  Dalton,  Georgia.  This  property, 
I  understand,  is  now  owned  by  Mr.  W.  W.  Lampkin,  who  lives  in 
Dalton.  The  stone  is  superior  in  texture,  and  has  the  color  and 
look  of  alabaster.     It  would  make  beautiful  mantels,  atid  hearths. 

Specific  gravity,  2.95  ;  hardness,  2 ;  color,  white. 

Composition  : 

Water, 1  60 

Silica, 61.00 

Iron  oxide,    .........  2.51 

Alumina,       .........  7.29 

Magnesia,      .........  27.72 


100.12 
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The  fifth  specimen,  from  Northeastern  Georgia,  gave  the  following 
results : 

Specific  gravity,  2.80  ;  hardness,  2.8  ;  color,  blue  gray. 
Composition : 

Water, 2.84 

Silic'ii, 70.84 

Iron  oxido,      .........  L16 

Alumina, 2.64 

Magnesia, 22.17 

99.65 

The  sixth  specimen  came  from  Anderson,  South  Carolina.  It 
was  sent  me  by  Professor  Charles  H.  Franin,  who  informs  me  that 
the  rnineral  exists  in  large  quantities. 

Specific  gravity,  2.9  ;  hardness,  1.8;  color,  blue  gray. 

Composition  : 

Watc^r, 1.54 

Silica, 57.00 

Iron  oxide,     .........  5.24 

Alumina,        . .  6.42 

Magnesia, 29  44 

99  64 

The  last  specimen  examined  came  from  Swaine  County,  North 
Carolina,  on  the  line  of  the  Rabun  Gap  Railroad. 

Specific  gravity,  2.'82 ;  hardness,  1.8;  color,  blue  gray. 
Comj)osition  : 

Water, 3.01 

Silica, 65.00 

Iron  oxide,    .........  -72 

Alumina,        .........  3.78 

Magnesia,      .......••  27.72 

100.23 

These  analyses  indicate  the  great  value  of  soapstone  for  furnace 
linings,  and  the  subject  is,  at  least,  worthy  of  the  serious  considera- 
tion of  the  iron  manufacturers.  From  the  development  that  is  now 
going  on  in  the  iron  regions  of  Alabama,  there  will  be  required  in 
a  few  years  a  large  outlay  of  capital  to  supply  the  necessary  fire- 
brick to  keep  the  furnaces  intact.  And  yet,  if  the  deductions  drawn 
from  the  above  analyses  are  correct,  the  substitution  of  soapstone 
will  save  a  considerable  amount  of  money,  and  the  results,  I  think, 
will  be  more  satisfactory. 
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The  Chewacla  Lime  Works,  situated  in  the  eastern  part  of  Lee 
County,  Alabama,  have  made  a  trial  of  this  rock.  The  kiln  has  a 
capacity  of  250  barrels  a  day.  The  company  were  so  much  en- 
couraged that  they  have  adopted  soapstone  as  a  lining,  and  it  has 
been  found  equal  to  New  Jersey  firebrick.  The  rock  is  hauled  some 
distance  by  wagons  to  the  furnace. 

In  using  soapstone  for  furnace  purposes,  care  should  be  taken  to 
cut  the  blocks  so  that  they  may  be  placed  with  the  cross-section  of 
the  grain  exposed  to  the  fire.  This  will  obviate  the  tendency  to 
crumble  or  to  flake. 

The  Indians  made  use  of  this  mineral  in  many  localities  of  Ala- 
bama, in  the  manufacture  of  various  utensils.  There  are  many 
excavations  in  Tallapoosa,  Chambers,  Coosa,  Clay,  and  Lee  counties 
in  the  beds  of  this  rock,  that  were  supposed  by  the  inhabitants  to 
have  been  made  for  precious  metal.  Not  far  from  Tallassee  Falls, 
there  was  an  old  Indian  village  called  Tuckabatcha,  north  of  which 
a  bed  of  soapstone  outcrops.  The  Indians  of  this  village  were  well 
acquainted  with  this  locality,  and  seemed  to  appreciate  its  value, 
because  they  resorted  to  the  spot  for  the  purpose  of  making  culinary 
utensils.  They  had  a  unique  way  of  making  these  vessels,  which 
consisted  in  inscribing  the  circumference  on  the  face  of  the  rock,  and 
excavating  until  the  desired  depth  was  reached,  when  they  would 
break  off  the  mass  and  finish  shaping.  The  impressions  of  these 
vessels  are  seen  on  every  portion  of  the  excavation  that  thev  have 
made  at  this  point.  At  the  site  of  the  old  village  fragments  of  these 
utensils  are  still  to  be  found. 

The  next  mineral  of  importance  in  this  connection  is  kaolin. 
This  substance  is  found  in  many  portions  of  Alabama  and  Georgia, 
and  its  purity  is  all  that  could  be  desired.  Near  Jacksonville,  Ala- 
bama, and  four  miles  northeast  of  Louina,  in  Randolph  County,  of 
the  same  State,  some  excellent  and  extensive  beds  have  been  found. 
Specimens  from  the  first  locality  gave,  on  analysis  by  Professor  J. 
W.  Mallet: 

Combinod  silica,     .....         ....  39.75 

Free  silicji,      ..........  4.85 

AUitniiia, 38.92 

Peroxide  of  iron,    .........  .78 

Lime,  potash,  etc.,          ........  1.03 

Water, 13.88 

Undccomposed  mineral,          .......  .90 


99.61 
This  is  a  fine  specimen  of  white  clay,  soft  and  easily  worked. 
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From  the  second  locality,  the  analysis  of  J.  W.  Mallett  gave : 

Combined  silica, 19.85 

Free  silica,      ..........  17.44 

Alumina, 31.92 

•    Peroxide  of  iron,    . trace 

Potash,  lime,  and  magnesia,  .         ......  .72 

Water, 15.09 

Undecomposed  mineral, 14.28 

99.30 

This  is  a  much  finer  specimen  than  the  one  preceding.  It  is  uni- 
form in  texture,  and  quite  soft.  The  absence  of  iron  from  the  last 
analysis  indicates  a  clay  excellent  in  quality  for  the  manufacture  of 
porcelain. 

Some  fire-clays  are  found  in  Alabama  that  will  make  excellent 
brick.  Near  Claiborne,  on  the  Alabama  River,  is  a  finely  divided 
silicious  matter  that  is  called  by  the  people  living  there  "  chalk." 
This  seems  to  answer  well  as  a  base  for  the  manufacture  of  firebrick. 
It  is  infusible,  and  only  requires  the  addition  of  clay  to  give  it  the 
proper  adhesive  properties  to  make  good  brick. 

It  is  found  in  vast  quantities,  associated  with  buhrstone.  This 
silicious  matter  passes  across  the  State  east  and  west,  cropping  out 
at  innumerable  points  in  bold  relief.  The  natives  use  the  rock  quite 
extensively  for  building  chimneys,  and  for  making  hearthstones,  and 
those  that  have  been  exposed  to  heat  for  years  indicate  but  little 
change. 


PHOSPHOBUS  DETEBMINATIONS  IN  PIG  IRON  AND 

STEEL. 

BY  F.    E.    BACH^LIN,   A.C.,    SOUTH  ST.    LOUIS,   MO. 

There  is  such  a  great  variety  of  opinion  concerning  the  best 
method  of  determining  phosphorus  in  pig  iron  and  steel,  that  a  list 
of  determinations,  on  a  uniform  sample  of  pig  iron,  together  with  a 
short  description  of  the  methods  used  by  different  chemists,  and  a 
few  experiments  on  the  accuracy  of  some  of  the  methods  used,  may 
be  of  interest  to  members  of  the  In.stitute. 

All  the  results  given  in  List  A  are  from  the  same  lot  of  drillings, 
thoroughly  mixed,  except  Nos.  8  and  9,  and  28  to  32  inclusive, 
which  are  from  the  same  pig,  but  were  taken  at  a  later  period. 
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List  A. 


No. 

■Chemist. 

Phosphorus 
found. 

Method. 

1 

A 

0.151    1 

Molybdate  and  magnesia 

2 

A 

0.154    / 

It                        '( 

3 

B 

0.152    \ 

0.153  ; 

(1                        «< 

4 

B 

i(                        « 

5 

C 

0.1519) 
0.1523  / 

"                        "           modified 

6 

C 

((                        <(                " 

7 

D 

0.152 

«                        «                <> 

8 

E 

0.154    \ 
0.156    / 

11                        « 

9 

E 

«                        « 

10 

F 

0.146 

"                        "           modified 

11 

G 

0.141    \ 

0.145  ; 

<(                        << 

12 

G 

«                        (( 

18 

H 

0.143 

"                        "           modified 

14 

I 

0.164   \ 
0.165    i 

«                                K                      « 

15 

I 

.(                                          t(                             u 

16 

J 

0.147    1 
0.150   1 

"          direct 

17 

J 

((              i( 

18 

J 

0.144 

"              " 

19 

J 

0.154 

<<              << 

20 

J 

0.150 

"          and  magnesia,  modified 

21 

J 

0.130 

"          direct 

22 

J 

0.147 

((                      a 

23 

K 

0.151    \ 
0.152    / 

Acetic  method 

24 

K 

i(                 a 

25 

L 

0.1106 

Magnesia  or  citric  acid 

26 

L 

0.096    1 

(I                    " 

27 

L 

0.100    [ 

((                           a 

28 

L 

0.097    j 

((                          <( 

29 

M 

0.130 

It                          (( 

30 

N 

0.152   \ 
0.154    1 

Molvbdate  and  magnesia,  modified 

31 

N 

"«                                          4<                           « 

32 

0 

0.151    \ 
0.152    / 

«                          It                <> 

33 

0 

«                         ((                « 

34 

0 

0.145 

"          direct 

35 

p 

0.151 

"          and  magnesia,  modified 

36 

p 

0.147    \ 
0.150    / 

i(                        (I                " 

37 

p 

(1                                              K                               « 

38 

p 

0.147 

11                                              ((                               <l 

39 

p 

0.109 

It                                             it                               l( 

40 

p 

0.139    \ 
0.140    / 

direct 

41 

p 

((              it 

42 

p 

0.152 

"          and  magnesia  modified 

43 

Q 

0.141 

"          direct 

44 

E 

0.121 

(1                     u 

The  brackets  indicate  duplicate  determinations. 

A.  is  a  professor  of  analytical  chemistry.  The  analyses  were  made 
by  his  assistant,  under  his  direction.  The  a.ssi.stant  has  had  a  large 
experience,  and  was  formerly  chemist  of  an  iron  works.  He  uses 
what  I  call  the  "molybdate  and  magnesia"  nietliod,  as  follows: 

Dissolves  in  nitric  acid,  evaporates  to  dryness,  heats  in  an  air 
bath  several  hours  at  a  temperature  of  120°  C,  dissolves  in  hydro- 


324      PHOSPHORUS    DETERMINATIONS    IN   PIG    IRON    AND    STEEL. 

chloric  acid,  filters,  expels  hydrochloric  with  nitric  acid,  precipitates 
in  small  bulk,  made  nearly  neutral  by  ammonia,  with  ammonium 
molybdate.  solution  [100  grams  molybdic  acid,  400  c.c.  ammonia 
(0.96  sp.  gr.),  and  1000  c.c.  nitric  acid  (1.2  sp.  gr.)],  filters,  washes 
with  ammonium  nitrate  [325  c.c.  nitric  acid  (1.2  sp.  gr.),  100  c.c. 
ammonia  (0.96  sp.  gr.),  and  100  c.c.  water],  dissolves  in  ammonia, 
precipitates  with  magnesia-mixture  [magnesium  sulphate  and  am- 
monium chloride,  each  1  gram,  ammonia  (sp.  gr.  0.96)  4  c.c,  water 
8  c.c],  filters,  washes  with  ammonia-alcohol  (1  alcohol,  1  ammonia, 
and  2  water,  by  bulk),  ignites,  and  weighs.  Before  the  precipitation 
with  magnesia-mixture  silica  is  separated  if  present. 

B.  is  a  steel- works  chemist,  and  uses  the  same  method  as  A. 

C.  is  the  general  superintendent  of  a  furnace  company  making 
Bessemer  iron ;  he  was  formerly  the  chemist.  He  uses  the  same 
method  as  A.,  except  that  after  dissolving  the  yellow  precipitate  he 
adds  hydrochloric  acid  to  acid  reaction,  then  ammonia  till  the  pre- 
cipitate formed  redissolves,  allows  to  stand  several  hours,  and  filters 
from  separated  silica. 

D.  is  connected  with  a  company  making  Bessemer  iron.  He  uses 
from  2  to  4  grams  of  iron,  dissolves  in  nitric  acid,  adds  liydro- 
chloric  acid,  evaporates  to  dryness,  heats  one  hour  in  air  bath  at  120° 
C,  and  proceeds  like  chemist  C. 

E.  is  a  Besseraer-steel-works  chemist;  his  method  is  like  A's. 

F.  is  a  Bessemer-furnace  chemist,  and  works  like  D. 

G.  is  a  chemist  of  a  charcoal-furnace  and  car- wheel-works.  His 
method  is  the  same  as  A.,  but  he  writes :  "  I  am  not  surprised  at  my 
results  being  low,  as  I  neglected  some  precautions  which  I  should 
have  taken." 

H.  is  a  Bessemer-steel -works  chemist.  He  dissolves  in  nitric  acid, 
evaporates  to  dryness  and  heats  an  hour  on  a  sand  bath,  dissolves 
in  hydrochloric  acid,  neutralizes  with  ammonia,  redissolves  w^ith 
nitric  acid  and  precipitates  with  molybdate,  lets  stand  in  a  warm 
place  four  hours,  filters,  dissolves  in  dilute  ammonia,  precipitates 
with  magnesia-mixture,  lets  stand  two  or  three  hours,  filters,  dis- 
solves in  hydrochloric  acid  (1  in  2),adds  citric  acid,  neutralizes  with 
strong  ammonia,  adding  one-third  the  volume  in  excess,  and  lets 
stand  four  hours  or  more  according  to  the  amount  of  phosphorus 
present.  His  result  (0.143),  is  low,  and  I  understand  from  D.,  who 
has  frequently  checked  him,  that  he  is  often  as  much  as  two-iuin- 
dredths  lower  than  himself 

r.  is  a  Bessemer-furnace-company  chemist.      He  dissolves  4  to 
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5  grains  of  iron  in  nitric  acid,  evaporates  to  dryness  in  a  platinnni 
dish,  ignites,  "  till  all  the  nitric  acid  is  driven  otf  and  tiie  combined 
carbon  burned,"  takes  up  in  hydrochloric  acid,  evaporates  low,  neu- 
tralizes with  anunonia,  precipitates  with  molybdate,  washes,  precipi- 
tates with  dilute  nitric  acid  and  molybdate,  and  proceeds  like  C, 
allowing  for  the  solubility  of  the  animonium-niagnesiuni  phosphate 
in  dilute  ammonia.  His  results  (0.164  and  0.165),  are  the  highest  of 
the  lot.  The  similarity  of  the  methods  of  H.  and  I.,  with  so  great 
difference  in  their  results,  seems  to  indicate  either  inaccuracy  of 
method  or  careless  manipulation,  probably  the  former. 

J.  is  a  commercial  chemist,  whom  I  know  only  through  corres- 
pondence. He  dissolves  1  gram  of  iron  in  a  half-liter  flask  in 
warm  nitro-hydrochloric  acid,  filters,  evaporates  to  dryness  on  a 
steam  bath,  separates  silica  by  moistening  with  water  and  evapo- 
rating to  dryness  five  or  six  times,  takes  up  in  nitric  acid,  filters, 
evaporates  to  8  or  10  c.c,  precipitates  with  25  c.c.  of  molybdate  solu- 
tion, filters  through  weighed  paper,  washes  free  from  iron  with  water 
containing  2  per  cent,  of  nitric  acid,  dries  till  the  blue  stain  appears, 
and  weighs.  "  1.63  per  cent,  of  this  precipitate  is  phosphorus." 
Results  iS'os.  16,  17,  18,  and  19  were  obtained  by  this  method  ;  No. 
20  by  solution  in  nitric  acid,  evaporation  to  dryness,  driving  off  all 
acid,  solution  in  hydrochloric  acid,  replacing  hydrochloric  by  nitric, 
then  proceeding  as  above;  No.  21  by  reducing  the  filtrate  from  the 
silicon  determination  with  a  bisulphite,  precipitating  as  acetates,  solu- 
tion in  nitric  acid,  precipitation  with  molybdate,  and  weighing  as 
magnesium  pyrophosphate.  J.  says  that  he  could  not  obtain  good 
results  by  weighing  the  yellow  precipitate  by  this  method,  as  it  gener- 
ally contained  a  quantity  of  free  molybdic  acid.  The  silicon  deter- 
mination was  made  as  follows  :  Haifa  gram  of  iron  was  treated  with 
10  c.c.  of  sulphuric  acid  (1  in  8),  heated,  1  c.c.  of  (joncentrated  nitric 
acid  added,  evaporated  to  dryness,  and  heated  till  nitric  acid  ceased 
to  be  given  off,  moistened  with  hydrochloric  acid,  dissolved  in  10  c.c, 
of  water,  filtered,  washed  twice  with  water  and  three  times  with  hot 
water  containing  5  per  cent,  of  nitric  acid.  This  modification  of  Dr. 
T.  M.  Drown's  method  is  due  to  Frederick  H.  Williams.  It  can  be 
completed  in  one  hour,  and  is  accurate  for  irons  not  containing  tita- 
nium. For  phosphorus  J.  used  2.7927  grams,  and  acids  in  pi-opor- 
tion,  neglecting  the  washing  with  nitric  acid.  The  method  is  original 
with  this  chemist.  No.  22  was  made  by  solution  in  nitric  acid, 
the  subsequent  treatment  being  the  same  as  16  and  17.     In  this 


326       PHOSPHORUS    DETERMINATIONS    IN    PIG   IRON    AND    STEEL. 

analysis  phosphorus  was  lost  through  incomplete  solution,  iron 
salts  being  rendered  insoluble  in  nitric  acid,  or  by  incomplete  pre- 
cipitation caused  by  silica  in  solution. 

K.  is  a  Bessemer-steel- works  chemist.  He  always  uses  the  acetic 
method,  and  says  there  are  a  great  many  small  points,  which,  if  not 
thoroughly  understood,  lead  to  low  results ;  a  fault  too  often  appa- 
rent in  determinations  made  by  this  and  allied  methods. 

L.  is  a  firm  of  commercial  chemists,  one  member  of  which  is  a 
professor  in  a  prominent  technical  school.  They  use  the  citric  acid 
or  magnesia  method.  The  uniformity  with  which  they  obtain  low 
results  is  remarkable.  Result  jSTo.  25  (0.1106)  was  first  reported  by 
them,  and  when  iron  from  the  same  pig,  but  a  different  lot  of  drill- 
ings, was  sent  them,  with  the  express  purpose  of  "settling  definitely 
the  question  of  results  on  ])hosphorus,"  they  rejiorted  0.096,  0.100, 
and  0.097.  Their  method  is  to  dissolve  5  grams  of  iron  or  steel  in 
50  c.c.  of  nitric  and  5  drops  of  hydrochloric  acid,  warm  and  concen- 
trate till  syrupy,  and  evaporate  with  20  c.c.  of  hydrochloric  acid, 
repeating  the  evaporation  till  all  the  nitric  acid  is  expelled.  Dilute, 
filter,  dilute  the  filtrate  to  about  600  c.c,  add  ammonia  till  a  slight 
permanent  cloud  forms,  then  7  to  10  c.c.  of  ammonium  bisulphite. 
Boil  off  the  excess  of  sulphur  dioxide,  cool,  add  ammonia  till  a  pre- 
cipitate forms,  then  40  c.c.  of  acetic  acid,  and  boil  twenty  minutes ;  if 
the  preci])itate  is  small  or  slightly  colored,  add  5  or  6  drops  of  ferric 
chloride,  filter,  dissolve  the  precipitate  in  hydrochloric  acid,  add  2 
or  3  grams  of  citric  acid,  evaporate  to  30  c.c,  cool,  add  ammonia  to 
alkaline  reaction,  and  precipitate  with  magnesia-mixture.  After  16 
or  18  hours  filter,  wash  slightly  with  dilute  ammonia,  dissolve  the 
precipitate  in  hydrochloric  acid,  add  i  to  1  gram  of  citric  acid,  re- 
precipitate,  adding  a  few  drops  of  magnesia-mixture,  filter  after  six 
or  eight  hours,  and  wash  with  dilute  ammonia  (1  in  8). 

M.  is  a  commercial  chemist,  who  works  essentially  as  L.,  but  uses 
but  one  gram  of  citric  acid,  and  does  not  redissolve  the  magnesia 
precipitate.  His  results  are  also  always  low,  so  far  as  my  experience 
goes,  but  not  as  low  as  those  of  L.  The  nearest  approach  to  accu- 
racy which  I  have  seen  in  his  work  was  0.147  per  cent,  in  an  iron 
which  contained  0.152  per  cent.,  L.  having  found  0.122  per  cent. 

N.  is  a  laboratory  boy  who  thought  he  could  do  what  he  had 
seen  others  do.  He  used  the  method  given  under  C,  and  his  results, 
0.152  and  0.154  per  cent.,  show  the  ease  with  which  this  method  can 
be  worked,  this  being  the  boy's  second  determination  of  phosphorus. 
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O.  is  a  Bessemer-steel-works  chemist.  He  dissolves  3  grams 
of  iron  or  steel  in  nitric  acid,  evaporates  to  dryness,  and  heats  on  a 
sand-bath  till  the  acid  is  driven  off,  dissolves  in  hydrochloric  acid, 
replaces  hydrochloric  by  nitric,  filters  from  graphite  and  silica,  neu- 
tralizes with  ammonia,  dissolves  the  precipitate  in  nitric  acid,  and 
proceeds  as  under  C. 

P.  is  myself.  I  am  assistant  chemist  in  a  Bessemer-steel-works 
laboratory.  Result  No.  35  was  obtained  on  a  10-gram  sample, 
working  as  under  C.  Nos.  36  to  42  are  experimental  analyses, — 36 
and  37  by  the  same  method  as  O.,  but  forcing  the  analyses  to  see  if 
reliable  work  could  be  done  in  one  day.  I  could  have  weighed  the 
precipitate  in  eleven  hours  safely,  l)ut  had  to  leave  it  till  next  morn- 
ing, so  that  it  actually  required  twenty-three  hours.  In  No.  38  I 
followed  chemist  I.  (who  reported  0.164  and  0.165  per  cent.)  to  see 
if  the  method  always  gives  high  results.  The  final  precipitate  was 
washed  with  ammonia-alcohol,  in  which  it  is  insoluble.  The  result, 
0.147  per  cent.,  is  slightly  low,  as  I  had  expected.  Ill  No.  39  I 
dissolved  in  nitric  acid,  and  as  soon  as  solution  was  complete,  fil- 
tered and  precipitated  with  molybdate,  proceeding  as  usual.  The 
result,  0.109  per  cent.,  which  is  27.8  per  cent,  low,  shows  that  all 
the  phosphorus  is  not  obtained  where  there  is  not  a  complete  separa- 
tion of  silica,  a  fact  to  which  ray  attention  was  first  called  by  Dr.  T. 
M.  Drown.  Nos.  40  and  41  were  obtained  by  the  direct  molybdate 
method,  as  follows:  Dissolve  1  gram  of  iron  in  nitric  acid,  add  5  c.c. 
of  hydrochloric  acid,  evaporate  to  dryness,  drive  off  the  acid  on  a 
sand-bath,  take  up  in  hydrochloric  acid,  replace  with  nitric,  filter, 
bring  filtrate  to  15  c.c,  precipitate  with  20  c.c.  of  molybdate  solu- 
tion, filter  through  counter-balanced  filter-papers,  dry  at  110°  C, 
and  weigh.  1.63  per  cent,  of  the  precipitate  is,  or  is  supposed  to  be, 
phosphorus.  I  had  been  obtaining  high  results  by  this  method, 
and  was  informed  that  by  allowing  more  free  acid  to  be  present 
and  not  evaporating  the  filtrate  to  10  c.c.  as  I  had  been  doing,  the 
results  would  be  more  accurate.  But  this  slight  variation  in  the 
process  carried  the  correction  too  far,  and  brought  low  results,  as 
was  the  case  with  No.  34,  worked  in  the  same  way.  Eggertz's 
original  method  gives  low  results,  but  this  modification  of  it  will 
give  almost  anything  you  please,  according  to  the  amount  of  phos- 
phorus present  and  the  degree  of  concentration,  and  yet  one  can 
almost  always  get  good  duplicates  by  uniform  manipulation. 

Q.  is  a  Bessemer- furnace-company  chemist.  He  uses  the  same 
method  as  H. 
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R.  is  a  Bessemer-steel -works  chemist.  He  uses  the  direct  raolyb- 
date  method,  hut  whetlier  it  is  Eggertz's  original  method,  or  a  modi- 
fication, I  cannot  say. 

The  following  lists  give  a  comparison  of  results  by  the  citric  acid 
or  magnesia  method  and  the  moljbdate-magnesia  method  : 

List  B. 


Mark. 

Chemist,  with  the  per- 
centage of  phosphorus  by 
the  eitric-acid  method." 

Chemist,  with  the  per- 
centage of  phosphorus  by 
the  molybdate-magnesia 
method. 

Lot  17. 

L,  0.134 

P,  0.1-55 

((       i( 

L,  0.134 

.  .  . 

It      « 

L,  0.13.5 

.  .  . 

a        It 

L,  0.135 
M,  0.142 

11           (C 

M,  0.138 

.  .  . 

"     18. 

L,  0.126 

P,  0.144 

i(      (t 

S,  0.133 

P,  0.144 

"     1.5. 

L,  0.139 

P,  0.170 

((     If 

P,  0.173 

"     20. 

L,  0.126 

P,  0.144 

tc       il 

L,  0.084  1 

.  .  . 

(1      « 

L,  0.088  j 

"  1.57. 

L,  0.122 

P,  0.152 

11     « 

M,  0.147 

D,  0.1.50 

Cl        <I 

F,  0.1.54 

S.,  the  only  new  letter  appearing  in  this  list,  is  a  firm  of  com- 
mercial chemists. 


PHOSPHORUS    DETERMINATIONS   IN    PIG   IRON   AND   STEEL.      329 


List  C. 


Mark. 

Chemist,  with  percentage 

of  phosphorus  by  the 
direct  molybdate  method. 

Chemist,  with  the  per- 
centage of  phosphorus  hy 
the  molybaate-iuagnesia 
method. 

Pig  Iron. 

No.  1. 

P,  0.161 

P,  0.158 

"    2. 

0,  0.151  1 

P,  0.145 

"     2. 

0,  0.153  J 

"     2. 

P,  0.152  1 

"     2. 

P,  0.153  j 

"     3. 

P,  0.181 

P,  0.168  1 

"     3. 

P,  0.183 

P,  0.169  J 

"    4. 

P,  0.157 

D,  0.150 

"     4. 

P,  0.158 

P,  0.152 

"     4. 

F,  0.154 

"     5. 

0,  0.145 

0,  0.151  -\ 

■    "     5. 

P,  0.140 

0,  0.152  J 

"     5. 

P,  0.139 

P,  0.151 

Steel. 

No.  6. 

P,  0.137 

P,  0.137 

"    7. 

P,  0.070 

P,  0.068 

"    8. 

P,  0.076 

P,  0.072 

"     9. 

P,  0.078 

P,  0.070 

"  10. 

P,  0.077 

P,  0.069 

The  foregoing  results  show  that  the  direct  method  is  far  from 
accurate  in  my  hands. 

The  next  list  is  a  compari.son  of  results  by  the  molybdate-magnesia 
method  with  the  method  proposed  by  N.  H.  Muhlenberg  and  T.  M. 
Drown  in  a  paper  "On  the  Solution  of  Pig  Iron  and  Steel  for  the 
Determination  of  Phosphorus,"  read  at  tlie  Virginia  meeting  of  the 
American  Institute  of  Mining  Engineers,  May,  1881  :* 


*  See  page  85. 
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List  D. 


No. 

Molybdate-magnesia 

Method. 

Percentage  of  phosphorus. 

Sulphuric  Method. 
Percentage  of  phosphorus. 

1. 
2. 
3. 

4. 
5. 
6. 

0.1540 
0.1340 
0.1550 
0.1530 
0.1130 
0.1510 

0.1560 
0.1349 
0.1530 
0.1550 
0.1139 
0.1520 

Average. 

0.1433 

0.1441 

These  results  prove  conclusively,  to  my  miiifl,  the  accuracy  of  this 
method.  All  the  results  by  this  sulphuric  method  (as  I  call  it)  were 
obtained  in  one  day,  or  from  eight  to  ten  hours,  so  that  the  method 
is  rapid  as  well  as  accurate.  I  used  3  grams  of  iron  or  steel,  dissolved  in 
35  c.c.  of  nitric  acid,  evaporated  with  6  to  7  c.c.  of  concentrated  sul- 
phuric acid  till  fumes  of  the  latter  were  no  longer  given  off,  mois- 
tened with  nitric  acid,  dissolved  in  water,  and  proceeded  as  usual, 
neglecting  the  second  separation  of  silica.  The  yellow  precipitate 
separates  almcst  instantly,  and  may  always  be  filtered  in  less  than 
half  an  hour.  The  magnesia  precipitate  separates  in  two  hours,  if 
the  solution  is  kept  below  25  c.c,  and  is  stirred  briskly  for  a  few 
minutes.  The  only  drawback  to  this  method  is  the  unpleasantness 
of  the  sulphuric  acid  fumes  about  the  laboratory.  Result  No.  42, 
in  list  A,  is  by  this  method. 

I  will  now  give  a  detailed  description  of  a  modification  of  the  molyb- 
date-magnesia method,  as  used  by  myself  I  think  it  reduces  the 
actual  working  time  to  as  low  a  figure  as  any  really  accurate  method. 
Results  may  be  obtained  in  eleven  hours,  and,  in  regular  working, 
results  are  reported  in  twenty-four,  saving  two  days  on  the  time  era- 
ployed  by  the  method  of  chemist  A.,  on  which  this  modification  is 
based.  Dissolve  3  to  5  grams  of  iron  or  steel  in  nitric  acid  (1.2  sp.  gr.), 
when  solution  is  complete  add  5  c.c.  of  hydrochloric  acid,  evaporate 
to  dryness,  and  heat  on  a  sand-bath  till  all  the  acid  is  driven  off. 
There  is  no  danger  of  the  formation  of  any  pyrophosphate.  The 
5  c.c.  of  hydrochloric  acid  prevents  the  formation  of  basic  salts,  and 
allows  faster  driving  without  danger  of  spattering.     Dissolve  in 
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concentrated  hydrochloric  acid,  using  as  little  as  possible,  evaporate 
quite  low  twice  with  30  c.e.  of  nitric  acid,  taking  care  not  to  render 
the  iron  oxide  insoluble  in  nitric  acid,  dilute,  and  filter  from  the 
graphite  and  silica.  The  presence  of  the  graphite  and  silica  during 
this  part  of  the  operation  renders  the  solution  less  liable  to  spatter 
when  near  dryness,  and  can  in  no  way  hurt  the  analysis;  it  also 
saves  time  which  would  be  lost  in  evaporating  a  large  amount  of 
wash  water  if  filtered  from  the  hydrochloric  acid  solution,  and,  more- 
over, the  nitric  acid  solution  filters  much  more  rapidly  than  the 
hydrochloric.  I  prefer  a  No.  4  beaker  for  this  part  of  the  operation. 
The  filtrate  and  washings,  which  need  not  exceed  150  c.c,  are  neu- 
tralized completely  with  ammonia,  and  a  slight  excess  added;  con- 
centrated nitric  acid  is  then  added  till  the  solution  is  of  a  reddish 
yellow,  then  niolybate  solution  in  large  excess,  from  40  to  60  c.c. 
The  beaker  is  heated  to  about  80°  C.  for  twenty  minutes,  then 
allowed  to  stand  at  50°  C.  for  one  to  one  and  one-half  hours,  filtered, 
the  precipitate  thoroughly  washed  with  an  acid  solution  of  ammonium 
nitrate  [made  of  325  c.c.  nitric  acid  (1.2  sp.  gr.),100  c.c.  ammonia  (0.96 
sp.  gr.)  and  100  c.c.  water]  dissolved  in  dilute  ammonia,  acidified 
with  hydrochloric  acid,  and  ammonia  added  till  only  the  slightest 
excess  is  perceptible.  The  solution  is  then  heated  on  the  steam-bath 
till  all  odor  of  ammonia  is  removed,  and  the  silica,  which  always 
separates,  has  become  flocculent.  It  is  filtered  through  a  close  No.  2 
filter,  ammonia  added  to  the  filtrate,  which  is  then  precipitated  with 
magnesia-mixture,  and  stirred  briskly  for  several  minutes.  The 
silica  which  separates  often  contains  a  trace  of  phosphorus,  which 
may  be  neglected  in  ordinary  work,  but  may  be  regained  by  wash- 
iiig  the  paper  once  or  twice  with  hot  nitric  acid,  precipitating  with 
molybdate  solution,  heating,  filtering  after  fifteen  or  twenty  minutes, 
dissolving  in  ammonia,  and  adding  this  solution  to  main  solution. 
If  the  final  precipitation  is  to  take  place  rapidly,  the  solution  should 
not  exceed  30  c.c.  As  soon  as  the  solution  is  perfectly  clear  it  may 
be  filtered.  In  this  case,  as  in  the  case  of  the  yellow  precipitate,  a 
perfectly  clear  soluticm  indicates  complete  precipitation,  but  as  long 
as  there  is  the  slightest  trace  of  the  precipitate  floating  in  the  solution 
there  is  danger  of  incomplete  precipitation.  It  is  now  filtered  through 
a  two-inch  j)aper,  washed  with  a  solution  of  1  part  alcohol,  1  jiart  am- 
monia, and  2  parts  water,  by  bulk,  transferred  to  the  crucible  without 
drying,  and  the  full  heat  of  a  I5unsen-burncr  turned  on  till  the  jiaper 
begins  to  char.  The  burner  is  then  turned  low,  the  carbon  burned 
off" at  a  dull  red  heat,  and  the  precipitate  weighed  as  soon  as  cool. 


332       PHOSPHORUS    DETERMIXATIOXS    IX    PIG    IROX    AND   STEEL. 

Duplicate  analyses  always  agree  within  four-thousandths  of  one  per 
cent.,  as  do  also  the  results  on  same  sample  obtained  at  different 
times.  The  agreement  of  duplicate  analyses  proves  only  uniformity 
of  manipulation,  but  the  agreement  of  results  obtained  weeks  or 
months  apart,  I  think,  proves  accuracy  of  method.  I  lately  checked 
work  which  was  done  six  weeks  previously,  and  the  variation  from 
the  former  analyses  was  in  one  case  0.0005  per  cent.,  and  in  the 
other  0.0019  per  cent.  On  dissolving,  filtering,  and  reprecipitating 
the  magnesium  pyrophosphate,  identical  results  are  always  obtained. 
I  have  noted  but  one  variation,  which  was  a  gain  of  one-tenth  of  a 
millio;ram. 

Th6  citric  acid,  or  magnesia  method,  so  much  used,  I  consider 
inaccurate  in  the  hands  of  most  chemists.  I  could  mention  six 
chemists  of  prominence  who  use  this  method  (five  being  commercial 
chemists),  whose  results  are  untrustworthy,  and  I  know  of  but  one 
who  invariably  obtains  good  results,  though  I  am  not  quite  sure 
that  his  method  is  the  common  citric-acid  method.  I  refer  to  K., 
who  calls  his  method  the  "acetic  method." 

There  are  several  ways  in  which  phosphorus  is  lost  in  this  method. 
First,  by  incomplete  precipitation  as  basic  acetate;  second,  by 
the  precipitate  passing  through  the  filter  if  it  is  muddy,  or  if  the 
solution  gets  cool  while  filtering;  third,  by  the  solubility  of  ammo- 
nium-magnesium phosphate  in  ammonium  citrate;  fourth,  by  not 
allowing  sufficient  time  for  the  final  precipitate  to  separate,  from 
twenty-four  to  thirty-six  hours  being  always  necessary.  I  remember 
an  experiment  tried  in  the  Lafayette  College  laboratory  in  which  a 
large  amount  of  phosphoric  acid  was  added  to  a  solution  of  ferric 
chloride.  The  iron  M'as  first  completely  reduced,  and  then  partially 
reoxidized  by  bromine,  sodium  acetate  and  acetic  acid  added,  the 
solution  boiled,  and  the  precipitate  filtered  off.  More  of  the  iron 
was  then  oxidized  and  precipitated  as  before.  This  was  repeated 
many  times,  till  all  the  iron  was  preci[)itated,  and  yet  the  last  portion 
of  iron  contained  a  trace  of  phosphorus.  And  yet  we  are  expected 
to  believe  that  all  the  phosphorus  in  any  iron  will  collect  in  a  pre- 
cipitate containing  less  than  two-tenths  of  a  gram  of  iron!*  But 
the  chief  source  of  error  arises  from  the  solubility  of  ammonium-mag- 
nesium phosphate  in  ammonium  citrate.  "From  the  solutions  thus 
obtained  the  phosphorus  is  thrown  down  by  chloride  of  magnesium 
as  pure  ammonio-magnesium  phosphate.     Since  the  latter  is  sensibly 

*  See  Cairns's  Quantitative  Analysis,  p.  115. 
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soluble  in  citrate  of  ammonia  the  citric  acid  should  be  added,  drop 
by  drop,  to  avoid  excess.  ...  It  is  expected  the  results  will  fall  out 
too  low  in  the  presence  of  much  iron."* 

I  have  never  been  able  to  obtain  results  by  the  direct  niolybdate 
method  which  were  satisfactory,  so  that  after  working  it  for  three 
months  I  gave  it  up.  The  difference  in  results  on  the  same  sample  by 
different  chemists,  and  the  variation  in  the  results  of  the  same  chemist 
on  the  same  sample  at  different  times  often  exceeds  the  limit  of  error. 
The  tendency  in  my  hands  is  toward  high  results  when  the  phos- 
phorus exceeds  0.120  per  cent.  These  facts  make  me  doubt  the 
expediency  of  American  chemists  retaining  this  method  where  accu- 
racy is  required.  The  fact  that  chemists  of  prominence  have  found 
different  amounts  of  phosphorus  in  the  yellow  precipitate  thrown 
down  under  different  circumstances,  and  the  impossibility  of  always 
obtaining  the  same  conditions  in  practice,  destroys  one's  confidenee 
in  results  obtained  by  this  method.  What  are  the  conditions  neces- 
sary to  success?  Can  some  of  them  be  varied  while  others  are  con- 
stant? Must  there  be  a  definite  amount  of  free  nitric  acid?  Must 
the  solution  contain  a  definite  amount  of  iron  per  cubic  centi- 
meter? Must  there  be  a  definite  amount  of  phosphorus  present  per 
cubic  centimeter?  Must  the  temperature  be  confined  between  certain 
limits  ?  Must  there  be  some  free  hydrochloric  acid  present,  as  in 
the  method  proposed  by  Mr.  Troilius  ?t  I  would  be  glad  if  some 
one  who  has  the  time  and  inclination  to  investigate  these  questions 
would  tell  us  what  are  the  constants  and  what  are  the  variables  in 
this  method;  but  until  we  have  this  information  we  cannot  feel  sure 
of  the  method. 

Mr.  G.  J.  Snelus,  in  a  paper  on  "  The  Distribution  of  Elements  in 
Steel  Ingots,"  read  before  the  autumn  (1881)  meeting  of  the  British 
Iron  and  Steel  Institute,  gives  analyses  of  two  samples  of  steel 
by  Messrs.  Burrows  and  Pattinson,  two  of  England's  leading 
chemists,  in  which  they  obtain  0.142  and  0.163  percent,  in  one,  and 
0.052  and  0.063  per  cent,  respectively  in  the  other,  and  says:  "It 
will  be  seen  that  the  two  analysts  agree  in  a  remarkable  manner, 
showing  clearly  that  when  the  chemist's  work  is  well  done  great 
reliance  can  be  i)laced  uj)on  the  actual  results."  These  results,  which 
are  accepted  as  remarkably  good  by  English  chemists,  would  be 
discarded  as  worthless  in  American  practice.  So  it  is  with  the 
direct  method ;  the  results  are  up  to  the  above  standard,  but  finer 


*  Fresenius's  Qiialitiitive  Analysis,  Am.  Ed.,  1873,  p.  622. 
f  See  page  16(5. 
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work  is  expected  of  American  chemists.  The  presence  of  arsenic  is 
so  rare  in  American  irons  that  it  is  hardly  necessary  to  mention  the 
fact  that  where  it  is  present  the  precipitation  with  molybdate  must 
he  made  in  a  cold  solution.  My  attention  was  lately  drawn  to  this 
element  by  finding  0.05  per  cent,  in  an  iron  sent  out  by  chemist 
L.  for  the  purpose  of  comparing  results  by  different  methods. 
My  result  on  this  iron  was  reduced  from  0.180  per  cent,  to 
0.152  per  cent,  of  phosphorus  by  taking  the  above-mentioned  pre- 
caution. 

To  sum  up,  I  find  of  three  chemists  working  the  acetic  and  citric 
acid  methods  in  list  A,  two  are  wrong.  Of  four  who  worked  the 
direct  molybdate  method  three  are  wrong,  and  the  fourth  has  a  vari- 
ation of  0.010  per  cent,  in  the  method  as  regularly  worked  by  him. 
Of  three  working  the  modification  of  the  molybdate-magnesia  method, 
in  which  there  is  a  large  quantity  of  chlorides  present  with  the  nitric 
solution  when  phosphorus  is  precipitated,  all  are  Avrong,  and  of  ten 
working  the  method  so  that  there  is  only  nitric  acid  and  ammonium 
nitrate  present  with  the  iron  solution,  nine  are  within  the  limits  of 
error. 
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BY  WILLIAM  P.    BLAKE,    F.G.S.,    NEW  HAVEN,    CONN. 

The  mining  district  and  the  town  of  Tombstone  are  situated  in 
Cochise  County,  Arizona  Territory,  at  the  northwest  end  of  the  Mule 
Passrangeof  mountains,  in  longitude  110°,  and  latitude  about  31°  40' 
N.,  upon  the  right  bank  of  the  San  Pedro  River,  from  which  the 
town  is  distant  9  miles  east.  It  is  also  24  miles  south  of  Benson 
station  on  the  Southern  Pacific  Railroad  of  Arizona,  and  about  40 
miles  north  of  the  Mexican  line.  Its  altitude  above  the  sea  is 
4600  feet.  The  Dragoon  Mountains  rise  across  a  valley  to  the  north- 
east, and  the  Huachuca  Range  similarly  upon  the  southwest.  The 
country  is  open,  without  timber,  and  the  surface,  where  the  mines 
are  opened,  is  in  general  gently  rolling,  and  accessible  to  wagons  by 
natural  roads. 

The  first  locations  were  made  in  the  year  1878  by  the  Scheffelin 
brothers  and  Richard  Gird,  the  latter  being  well  known  among  the 
pioneers  of  Arizona  as  a  surveyor  and  miner,  who  contributed  largely 
to  our  knowledge  of  the  geography  of  the  Territory  in  early  days. 
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when  the  dreaded  Apache  dominated  the  region.  There  are  now, 
probably,  over  one  thousand  locations  or  claims  in  the  district,  and 
upwards  of  2500  inhabitants. 

The  output  of  the  precious  metals,  gold  and  silver,  up  to  the  first 
of  January,  1882,  aggregates  $7,359,200,  and  over  $3,000,000 
have  been  disbursed  in  dividends.  This  product  is  distributed 
among  the  following-named  mines  and  mills : 

Production  of  Tombstone  Mines  mid  Hills. 

Tombstone  Mill  and  Mining  Company, .         .         .  $2,704,936  33 

Contention  Consolidated, 2,703,144  39 

Grand  Central, 1,050,875  30 

Head  Centre, 191,520  52 

Vizina, 526,716  98 

Ingersoll, 15,000  00 

Sunset, 15,000  00 

Corbin  Mill, 40,000  00 

Boston  Mill, 112,007  83 

Dividends. 

Tombstone  Mill  and  Mining  Company,           .         .         .  $1,100,000 

Contention  Consolidated, 1,375,000 

Grand  Central, 600,000 

Vizina, 80,000 

This  will  suffice  to  show  the  importance  of  the  locality  for  mining, 
and  to  indicate  at  the  same  time  the  principal  claims. 

GEOLOGY    OF   THE    DISTRICT. 

In  going  from  the  railway  at  Benson  to  the  mines  the  traveller 
rises  from  the  post-pliocene  deposits  along  the  San  Pedro  to  a  granitic 
plateau.  The  rock  is  gray  and  highly  crystalline,  and  is  apparently 
eruptive.  It  weathers  in  ]ilaces  into  gigantic  rounded  blocks  and 
masses,  lying  one  upon  another  as  if  piled  there  by  some  Titanic 
force,  rather  than  by  the  gentle  and  gradual  etfects  of  irresistible 
decay.  This  rock  extends  to  within  a  mile  or  two  of  Tombstone, 
where  stratified  formations  occur  overlying  the  granite. 

These  stratified  beds  consist  of  quartzites,  limestones,  and  shales, 
with  frequent  repetitions  in  an  ascending  series  several  thousand  feet 
thick,  but  all  conformable  and  dipping  generally  at  a  low  angle 
from  20°  to  45°  to  the  eastward.  The  fossils  which  have  been 
found  in  the  middle  and  upper  beds,  consisting  chiefly  oi  Produetm- 
and  cyathophylloid  corals,  show  them  to  be  Paleozoic,  and  probably 
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Lower  Carboniferous.    The  lower  strata  are  probably  older.    A  small 
shell,  like  Lingula,  occurs  in  the  shales  of  the  Contention  mine. 

In  addition  to  the  stratified  formations  we  find  intrusive  por- 
phyritic  dikes  cutting  through  the  strata  indiscriminately,  nearly  at 
right  angles,  and  trending  approximately  north  and  south,  or  a  little 
east  of  north.  This  is  the  direction  of  the  general  rift  or  breaking 
of  the  country  and  of  the  mineral  veins. 

In  the  central  portion  of  the  district,  covering  the  claims  known 
as  the  Toughnut,  Goodenough,  Way-Uj),  Vizina,  and  others,  erosion 
has  exposed  the  outcropping  edges  of  many  strata  of  limestone,  shales 
and  "  quartzites."  Both  the  shale  and  so-called  quartzite  beds  are 
of  deep-sea  origin,  being  very  fine  and  compact  in  texture,  with 
scarcely  any  signs  of  granular  structure.  The  latter,  particularly,  is 
flint-like  and  very  hard,  and  is  more  exactly  described  as  a  novaculite 
or  honestone.  In  places  it  passes  insensibly  into  limestone,  appar- 
ently forming  beds  of  silicious  limestone.  It  is,  no  doubt,  largely 
organic  in  its  origin,  and  is  a  very  fine  sediment,  totally  different 
from  the  typical  quartzites,  with  granular  structure,  found  in  the 
higher  parts  of  the  series  of  strata.  It  evidently,  in  forming,  accu- 
mulated slowly,  beyond  the  influence  of  currents,  at  the  sea-bottom. 
An  abundance  of  iron  pyrites  in  fine  crystalline  grains,  disseminated 
through  the  layers  of  this  rock,  gives  evidence  of  its  organic  origin 
in  part,  at  least.  This  rock  has  special  importance  from  the  fiict  that 
the  miners  in  the  Toughnut  and  Goodenough  claims  find  it  below 
the  chief  ore-bearing  limestone.  It  is  regularly  and  evenly  stratified 
for  a  thickness  of  about  140  feet,  and  rests  upon  a  thickly-bedded 
dolomitic  limestone  below.  The  beds  above  it  consist  of  dark,  black 
or  blue  limestones,  and  of  thick  beds  of  dark  argillaceous  shale, 
alternating  with  black  silicious  shales  for  nearly  half  a  mile  to  the 
eastward.  The  black  limestones  above  the  novaculite  are  the  chief 
repositories  of  the  bedded  masses  of  rich  silver  ore,  as  will  be  pres- 
ently shown. 

The  whole  series  of  beds  in  this  central  part  of  the  district  is 
thrown  into  folds,  being  regularly  plicated  in  a  series  of  wave-like 
flexures,  the  steepest  and  sharpest  folds  being  on  the  northwest  oi 
the  Toughnut  and  Goodenough  claims  facing  the  granitic  region  in 
that  direction.  These  folds  may  be  traced,  but  with  difficulty,  upon 
the  surface,  but  are  best  seen  in  the  crosscuts  of  the  mines  and  along 
the  drifts.  In  the  open  cut  upon  the  Toughnut  there  is  a  good  ex- 
posure of  some  of  the  beds  at  the  crest  of  an  anticlinal  fold  present- 
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in^  an  appearance  in  section,  alorg  a  northeast  and  southwest  cut, 
nearly  as  shown  in  the  annexed  drawing : 

Fig.  1. 


Anticlinal  fold.     Toux/hnut. 
I.  Novaculite — under  the  limestone. 
II.  Limestone — bending  over  the  novaculite. 
III.  Shales — bending  over  the  limestone. 

This  little  section  is  along  the  upper  level  known  as  the  "  adit." 
It  is  directly  below  the  place  on  the  surface  where  ore  was  found 
cropping  out,  mixed  with  soil  and  vein-stuff.  At  another  place, 
upon  the  western  end  of  the  Goodenough,  we  find  a  series  of  plica- 
tions, up  and  down,  at  about  the  angles  shown,  and  with  rich  ore 
lying  in  the  folds.  These  folds  are  not  large,  covering  only  a  few 
hundred  feet  in  extent,  but  are  beautifully  regular  and  well  defined. 
As  we  pass  up  the  hill,  rising  higher  in  the  series  of  strata  to  the 
eastward,  the  dip  becomes  more  regular,  and  coarse-grained  quartzites, 
in  thicker  beds,  take  the  place  of  the  finer-grained  deposits. 

All  of  the  formations  named  have  not  only  been  uplifted  as  de- 
scribed, but  have  been  much  br6ken  and  faulted  either  at  the  time 
of  uplift  or  at  long  periods  later.  This  is  shown  by  the  number  of 
fissures  and  lines  of  fault,  as  well  as  by  the  outcrop  of  dikes  of  ])or- 
phyry,  and  the  dissimilarity  of  the  stratified  beds  on  either  side  of 
them,  and  the  disjointed  outcrops  of  the  limestone  beds. 

THE   CONTENTION    MINE. 

The  chief  fissure  and  ore-bearing  vein  of  the  district  traverses  the 
Grand  Central  and  the  Contention  claims.  These  claims  were 
located  in  a  north  and  south  direction  upon  the  somewhat  obscure 
croppings  of  a  dike  of  dioritic  porphyry  carrying  ore,  in,  through, 
and  alongside  of  it.  This  location  was  made  by  Messrs.  White  and 
Parsons.  The  crop|iings  were  not  remarkably  well  defined,  consist- 
ing of  the  porphyry  and  a  confused  mixture  of  porphyry,  chert,  and 
quartz,  with  masses  of  porous  quartzite  alongside ;  none  of  these 
rocks  rising  high  above  the  soil.  There  was,  however,  a  considera- 
voL  X. — 22 
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ble  discoloration  of  the  soil  by  iron-rust  along  the  line,  and  a  little 
digging  revealed  good  ore  near  the  surface.  The  harder  parts  of  the 
dike  were  the  most  prominent,  and  its  direction  governed  the  direction 
of  location  of  the  claim.  This  dike  varies  in  width  from  a  few  feet  to  50 
feet  or  70  feet,  and  dips  to  the  westward  at  an  angle  of  from  55°  to  65°. 
It  cuts  indiscriminately  through  shales, quartzites,  and  limestones,  and 
is  evidently  of  igneous  origin.  The  contact,  however,  with  the 
abutting  edges  of  the  disrupted  beds  is  not  always  marked  by  any 
great  change  in  their  appearance  or  composition,  though  in  places 
there  is  obscure  metamorj)hism,  impregnations  of  silica,  and  some 
modifications  of  structure.  The  dike  itself  has  a  distinct  vertical 
lamination  or  structure  through  most  of  its  substance,  and  is  more 
or  less  penetrated  by  veinlets  of  quartz.  In  some  portions  it  is 
highly  crystalline  and  nearly  barren,  and  in  others  consists  chiefly 
of  a  feldspathic  base,  in  which  the  feldspar  crystals  are  obscure. 
It  passes  into  a  felsite,  wliich,  in  the  decomposed  portions  of  the 
dike,  and  when  slaty  in  structure,  might  be  mistaken  for  the  partly 
decayed  shales  or  quartzites.  Large  portions  of  the  dike  are  so 
penetrated  by  quartz  as  to  consist  largely  of  it,  and  might  be  called 
quartz,  although  close  examination  will  show  the  presence  of  feld- 
spar. 


Fig.  : 


V  The  accompanying  cross  section  (Fig.  2)  of  the  chief  part  of  the 
dike  taken  on  the  first  level  of  the  Head  Centre  mine,  upon  the 
Contention  lode,  will  convey  a  better  idea  th^n  can  be  given  in 
words.  It  shows  the  vertical  structure,  and  the  general  distribu- 
tion of  quartz  in  vertical  seams  or  layers,  and  in  one  place  a  vug, 
or  cavity,  in  which  there  are  distinct  quartz  crystals.  In  general, 
however,  combs  of  quartz  crystals  are  wanting;  the 
quartz  being  in  an  amorphous,  subvitreous  state,  or  in 
the  form  of  chert.  The  lamellar  arrangement  of  this 
\(\  ]|  quartz  near  the  central  part  of  the  section  is  shown  by 
the  little  cut  of  full  size  (Fig.  3)  of  a  fragment  ground 
down  to  a  plane  surface.  The  lines  represent  the  layers 
of  quartz;  the  intermediate  spaces  are  filled  with  feld- 
spar. This  lamination  is  typical  of  the  vertical  struc- 
ture of  the  dike.  Another  fragment,  with  less  quartz, 
taken  at  a  distance  of  about  two  feet  from  the  first, 
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consists  chiefly  of  a  felsite  base  with  obscure  crystals  of  feldspar  spar- 
ingly distributed.  Examination  sliows  it  to  be  j^enetrated  irregu- 
larly by  veinlets  of  quartz,  as  shown  by  the  accompanying  sketches 
from  ground  and  polished  surfaces.    (Figs.  4  and  5.) 

Fig.  4.  Fig.  5. 


There  is  also  a  considerable  amount  of  mineralization  of  the  dike 
by  iron  pyrites  disseminated  irregularly  in  its  substance  in  cubical 
crystals,  most  of  which  have  dissolved  out  and  left  the  cavities  only  to 
indicate  their  former  presence,  making  in  some  places  a  spongy  mass 
of  porphyry  or  of  quartz.  Although  the  mine  has  been  worked 
to  a  depth  of  600  feet,  and  there  are  some  12  to  15  miles  of  drifts, 
levels,  and  winzes  in  the  Contention  and  adjoining  mines,  the  unde- 
composed  ores  below  the  water-line  have  not  yet  been  reached  and 
mined,  and  all  the  ores  above  are  in  the  decomposed  and  oxidized 
condition  common  to  surface  ores.  A  large  part  of  the  ore  is  highly 
charged  with  red  oxide  of  iron,  to  such  an  extent  that  the  clothing 
of  the  miners  becomes  saturated  with  the  rouge-like  powder,  and  the 
tailings  at  the  mills  are  blood-red. 

There  has  been  an  extensive  decomposition  of  the  porphyry, 
especially  along  the  upper  300  feet  of  the  dike,  resulting  in  the  for- 
mation of  quantities  of  white  clay,  kaolin,  sometimes  perfectly  snow- 
white  and  pure,  but  generally  more  or  less  mixed  with  red  oxide  of 
iron.  This  kaolinization  extends  in  places  to  the  adjoining  shales, 
and  there  are  some  white,  claylike,  interstratified  beds  which  may,  on 
further  examination,  be  found  to  be  altered  felsitic  offshoots  from 
the  dike.  It  is  not  yet  possible  to  say  what  the  exact  nature  of  the 
ore  below  the  water-level  will  be  found  to  l)o.  The  only  metallic 
contents  so  far  found,  with  the  exception  of  the  ])yrites  aiul  some 
galenite  and  lead  carbonate,  are  gold  and  silver  in  a  comi)aratively 
free  state;  part  of  the  gold,  if  not  all,  being  free,  and  the  silver 
occurring  chiefly  as  chloride,  or  horn-silver  (with  probably  some 
iodide),  in  crusts  and  films,  also  occurring  in  minute  crystals  upon 
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cleavage  surfaces.  The  average  value  of  silver  and  gold  in  the  ores 
worked  last  year  was  about  870  per  ton.  The  gold  has  of  late  in- 
creased from  20  to  25  per  cent,  of  the  value  of  the  product,  the  rest 
being  silver. 

GOLD    IN    PORPHYRY. 

One  very  interesting  fact  is  the  occurrence  of  free  metallic  gold, 
together  with  chloride  of  silver,  in  the  midst  of  the  porphyritic  rocks, 
at  a  distance  of  many  feet  from  the  portions  of  the  ])orphyry  carrying 
quartz  in  veins,  and  disseminated.  This  gold  is  found  chiefly  in  a 
portion  of  the  rock  apparently  dioritic,  containing  finely-dissemi- 
nated hornblende.  In  decomposing,  this  porphyry  becomes  steatitic,  i 
and  in  places  appears  to  be  changing  to  serpentine.  The  gold  is 
found  in  thin  sub-crystalline  flakes  and  scales,  chiefly  in  and  along 
thin  seams  and  cracks  in  the  mass  of  the  rock,  as  if  it  had  been 
infiltrated  and  deposited  from  solution.  This  is  probably  the  fact, 
and  the  magnesian  nature  of  the  rock  has  no  doubt  exerted  an  im- 
portant influence  in  its  deposition.  Free  gold  is  also  found  in  quartz 
in  the  usual  manner  of  association,  but  even  in  such  specimens  the 
crystalline  feldspar  of  the  dike  is  found. 

METALLIZATION    OF    THE    DIKE. 

The  time  and  manner  of  metallization  of  the  dike  may  be  consid- 
ered as  open  questions,  for  a  solution  of  which  we  must  wait  until 
the  mining  extends  below  the  permanent  water-level  of  the  forma- 
tion. It  seems  most  probable  that  the  rock,  at  the  time  of  its  intru- 
sion, was  pyritous,  and  the  strata  adjoining  it  no  doubt  were.  It  is 
not  impossible  that  there  may  have  been  a  concentration  of  the  pre- 
cious metals  in  the  dike  from  the  surrounding  beds,  the  result  of  the 
decay  and  change  of  the  pyrites  diffused  in  the  strata.  On  the  other 
hand,  we  may  suppose  that  the  dike  has  been  the  source  of  the  silver 
and  gold  we  find  in  and  about  it. 

In  either  case  the  vertical  laminated  or  stratiform  structure  par 
allel  with  the  walls  has  been  an  important  factor  in  the  distribution 
of  the  metals,  and  in  the  changes  and  modifications  of  the  original 
condition  of  the  dike.  We  may  readily  conceive  of  such  vertical 
planes  of  structure  affording  planes  or  lines  of  least  resistance  to 
vertical  movements,  while  the  abutting  ends  of  the  strata,  in  contact 
with  the  walls  of  the  dike,  would  offer  great  resistance  by  friction. 
The  condition  of  the  dike  along  a  great  part  of  its  course  seems  to 
sustain  and  verify  this  hypothesis.  There  has  evidently  been  con- 
siderable movement  of  parts  of  the  dike  upon  itself,  resulting  in  the 
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formation  of  heavy  clay  seams  and  brccciated  layers  of  porphyry  and 
quartz,  sometimes  occupying  a  medial  position  along  the  dike,  some- 
times at  one  side  or  the  other,  and  again  along  the  liric  of  contact 
with  the  country  rocks.  Such  seams  and  brecciated  ground  are  some- 
times wanting,  and  the  structure  and  condition  of  the  dike  remain 
unchanged. 

The  whole  of  the  dike  with  the  adjoining  strata  have  been  sub- 
jected to  extensive  movements  and  displacements,  shown  not  only 
by  breaks  of  continuity,  but  by  the  brecciated  cross-courses  and  seams 
traversing  both  the  igneous  and  stratified  formations.  One  of  these 
faults  resulting  in  a  throw  of  the  northern  portion  of  the  Contention 
lode  150  feet  to  the  west,  and  partly  outside  of  the  west  side-line  of 
the  claim,  has  recently  led  to  expensive  litigation.  The  faulting 
seam  or  break  has  been  drifted  upon  between  the  two  ends  of  the 
disjointed  dike.  It  consists  of  a  heavy  breccia  of  fragments  of  the 
adjoining  strata,  together  with  a  strong  clay  wall,  marking  the  plane 
of  greatest  movement  and  slip.  Its  direction  is  southwest  and 
northeast. 

In  addition  to  the  lateral  movement  there  have  been  extensive 
vertical  displacements,  and  it  is  probable  that  the  lateral  shifting 
may  be  referred  to  them.  It  would  be  premature  to  attempt  an 
exact  description  of  the  numerous  faults  and  mechanical  changes  to 
which  the  dike  has  been  subjected.  They  require  further  study  and 
surveys.  Mr,  Isaac  E.  James,  so  long  and  well  known  upon  the 
Comstock  lode  as  an  accomplished  mine  engineer,  is  now  in  charge, 
and  has  the  subject  under  investigation.  We  owe  the  first  determi- 
nation of  the  nature  and  position  of  many  of  the  vertical  faults  and 
throws  to  his  careful  observation  and  surveys.  Without  now  enter- 
ing into  precise  descriptions  of  particular  displacements,  it  will  suf- 
fice to  give  a  sketch  indicative  of  what  has  occurred,  producing  such 
a  confused  recurrence  of  ore  upon  certain  levels  of  the  mine,  as  to 
lead  at  one  time  to  the  supposition  that  there  were  several  dikes  of 
porphyry  and  ore  over  a  breadth  of  five  or  six  hundred  feet. 

The  movement  appears  to  have  been  from  the  west  eastward  and 
downwards,  the  top  of  the  dike  being  carried  off  in  successive  blocks 
by  the  sliding  of  masses  of  the  stratified  formations  partly  upon  the 
planes  of  deposition  of  the  beds  (these  dipping  eastward  and  aiford- 
ing  surfaces  of  easy  movement),  and  partly  upon  steeper  planes  of 
fracture  generally  dipping  eastward,  as  shown  in  the  outline  sketch 
section,  which  may  be  taken  as  typical. 

This  disruption  of  the  dike,  with  its  attendant  fracturing  and 
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brecciation  of  the  country  rook,  accompanied  by  tlie  movement  of 
the  dike  upon  itself,  and  the  formation  of  heavy  clay  seams,  has  pro- 
vided favorable  places  for  the  accumulation  of  ore.  It  is  generally 
found  in  the  softer  and  most  broken  portions  of  the  dike,  coincident, 
no  doubt,  with  the  regions  of  greatest  original  metallization  and 
subsequent  movement,  attended  by  clay  seams.  Such  clay  seams, 
with  the  accompanying  ore,  have  by  some  been  considered  as  marking 

Fig.  6. 


the  limits  of  a  second  or  subsequently-formed  vein,  following  the 
dike  and  independent  of  it.  This  theory,  formed  under  the  inspi- 
ration of  the  necessity  of  narrowing  down  the  vein  and  throwing  it 
as  far  west  as  possible,  in  order  to  secure  a  greater  length  of  it  upon 
the  Head  Centre  ground,  would  be  more  defensible,  if  in  the  stopes 
any  vein  structure  referable  to  a  later  deposition  could  be  found. 
Instead  of  the  fragments  of  broken  porphyry,  shale,  and  quartz 
being  cemented  together  by  quartz,  they  are  loosely  aggregated,  and 
show  clearly  that  the  formation  is  due  to  mechanical  force  and  attri- 
tion. The  clay  seams  are  also  not  certain  boundaries  of  the  ore;  it 
occurs  on  both  sides  of  clay  seams.  The  clay  cannot,  therefore,  be 
taken  as  separating  ore  from  waste.  The  seams,  moreover,  are  not 
continuous,  but  give  out,  and  in  some  parts  of  the  dike  are  absent. 

The  only  ]>lace  upon  the  lode  where  water  has  been  reached  is 
upon  the  Sulphuret  claim.  At  this  point  the  lode  intersects  strata 
of  limestone,  and  there  is  a  bedded  layer  of  ore  following  the  strati- 
fication and  connected  with  the  dike.  This  ore  is  chiefly  galena  and 
iron  pyrites.  Very  little  has  yet  been  taken  out.  So  also  in  the 
Head  Centre  ground,  at  a  higlier  level,  where  the  dike  intersects 
limestone,  a  bedded  or  interstratified  layer  of  ore  occurs.  But  the 
best  examples  of  bedded  deposits  in  the  district  are  in  the  Toughnut 
and  Goodenough  claims  before  referred  to. 
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BEDDED    ORE    DEPOSITS. 

These  also  are  associated  with  dikes  and  vertical  fissures  nearly 
parallel  with  the  Contention  lode.  One  of  the  longest  and  best  de- 
fined is  the  West-Side  lode,  which  may  be  traced  for  about  two  miles, 
until  it  passes  into  the  underlying  granite.  Its  northern  prolongation 
appears  to  cut  across  the  Toughnut  claim,  and  to  connect  with  the 
vertical  fissure  and  quartz  croppings  at  the  Discovery  shaft  on  the 
Goodenough. 

A  second  line  of  fissure  cuts  across  the  anticlinal  line  of  the  for- 
mations at  the  open  cut  on  the  Toughnut,  and  crosses  the  whole 
breadth  of  the  Goodenough  into  the  Way-Up  claim  beyond.  This 
has  been  followed  on  ore  from  tlie  open  cut  to  the  Way-Up,  and  is 
connected  with  the  chief  lateral  bedded  deposits.  A  lode  has  also 
been  followed  in  the  same  general  direction  from  the  claim  called 
the  "  Defence,"  across  the  Toughnut  into  the  Goodenougli.  This 
lode  is  marked  by  very  heavy  croppings  of  quartz  and  flinty  bould- 
ers lying  above  the  limestone  on  the  surface. 

In  the  fissure  extending  into  the  Way-Up  claim  the  ore  was  found 
in  layers  and  bunches  following  the  plane  of  the  vein,  extending 
upwards  and  downwards  along  its  course  in  nearly  vertical  shoots 
or  ore-bodies,  but  breaking  off  into  the  adjoining  strata  in  flat  bed- 
like layers,  particularly  where  the  vein  intersects  the  lower  limestone 
resting  on  the  novaculite  beds.  These  bedded  offshoots  from  the 
vein  are  often  of  considerable  lateral  extent,  following  the  planes  of 
stratification  on  either  side.  We  cannot  yet  state  with  confidence 
what  the  exact  origin  of  these  bedded  deposits  is.  They  may  be  due 
to  the  decomposition  of  nodular  masses,  but  they  are  generally  de- 
posited in  the  limestone  as  if  by  replacement.  They  may  be  regarded 
as  fillino-  irregular  cavernous  spaces  eroded  from  the  strata  by  metal- 
liferous solutions,  and  without  any  regular  boundaries.  These  bedded 
masses  do  not  have  a  symmetrical  arrangement  of  the  ore,  except  such 
as  may  be  referred  to  stratification  or  deposition  by  gravity. 

It  is  to  be  observed  that  these  bedded  masses  of  ore  occupy  the  lime- 
stones rather  than  the  silicious  or  argillaceous  strata,  as  we  might 
expect  from  the  greater  solubility  of  the  limestone.  Inasmuch  as 
these  limestone  strata  are  folded  and  turned  up  in  different  direc- 
tions, the  intersection  of  the  limestone  with  the  vertical  plane  of  the 
vein  is  an  irregular  line.  At  such  intersections  the  walls  of  the  fis- 
sure are  corroded  away  and  are  obliterated,  or  are  further  apart  than 
where  the  fissure  cuts  the  silicious  beds,  the  shales,  or  the  quartzitcs. 
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In  this  respect  the  formations  are  similar  to  many  abroad.  Mois- 
senet*  represents  bodies  or  shoots  of  ore  corresponding  in  their  pitch 
to  the  intersection  of  strata  with  the  plane  of  a  vein.  Wallace  de- 
scribes a  series  of  strata  in  the  North  of  England  consisting  of  lime- 
stones and  shales  traversed  by  lodes  productive  in  the  limestone,  but 
poor  when  passing  through  shales.  Other  examples  might  be  cited. 
In  extent,  the'  bedded  masses  of  the  Goodenough  and  Toughnut 
claims  have  been  much  greater  than  the  ore-bodies  of  the  vertical 
fissures,  and  it  may  be  said  that  the  greater  part  of  the  production 
has  been  from  the  beds  or  flats.  They  extend  irregularly  between 
the  two  fissures  a  distance  of  about  400  feet,  measured  diagonally 
along  the  dip.  It  is  noteworthy  that  they  follow  the  stratification, 
and  then  suddenly  break  across  it  vertically,  following  a  crack  or 
break  of  the  bedding,  and  then  expand  again  horizontally  for  some 
distance  to  anothei',  dropping  down  by  a  series  of  steps  from  one 
layer  to  another  in  and  between  the  limestones. 


■funU       ^ilii 


The  ores  found  in  these  bedded  deposits  in  the  limestones  are  much 
more  plurabiferous  than  the  ore  of  the  feldspathic  dikes.  Galenite, 
blende,  and  iron  pyrites  are  abundant  in  masses,  which,  within  the 
reach  of  oxidizing  agencies,  are  largely  converted  into  oxides  and 
carbonates. 

Bedded  ores  of  this  nature  are  also  found  in  the  limestones  of  the 
Blue  Monday  claim  contiguous  to  the  vertical  fissure  in  the  west- 
ward prolongation  of  the  West-Side  lode,  or  vertical  ore-bearing 
fissure.  This  contiguity  of  the  bedded  deposits  of  the  camp  to  the 
vertical  fissures  and  dikes,  and  the  occurrence  of  bedded  ores  where 
the  dikes  intersect  limestone  strata,  lead   me  to  the  opinion  that  the 


*  Annales  des  Mines  (6)  9,  p.  10. 
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metallization  of  the  district  is  due  to  the  igneous  intrusions,  and  that 
these  intrusions,  with  the  accompanying  impregnations  and  ramify- 
ing veinlets  of  quartz,  are  the  true  lodes,  or  "  leads,"  that  may  be 
followed  with  confidence  in  the  search  for  ores. 


THE  GOLD  FIELDS  OF  THE  SOUTHEEN  PORTION  OF 
THE  ISLAND  OF  SAN  DOMINGO. 

BY  RICHARD   P.   ROTHWELL,   NEW  YORK. 

In  the  year  1881,  I  visited  San  Domingo,  in  the  interest  of 
French  capitalists,  to  examine  and  report  upon  certain  "conces- 
sions "  of  gold-bearing  gravel  and  quartz  veins,  on  the  Isabella  and 
Jaina  rivers  and  their  tributaries. 

This  district  is  periodically  reported  to  be  extraordinarily  rich, 
and  there  is  cast  around  it  the  glamour  of  the  mysterious  shipments 
of  gold,  credited,  in  romance  and  in  more  or  less  romantic  history,  to 
Columbus  and  the  Spaniards  of  the  fifteenth  and  sixteenth  centu- 
ries. Since  considerable  suras  of  money  and  several  valuable  lives 
have  been  lost  in  the  unsuccessful  search  for  its  profitable  mines,  it 
seems  desirable  to  place  on  record  some  of  the  information  collected 
concerning  the  value  of  these  famous  gold  fields,  with  the  hope  of 
facilitating  the  work  of  those  who  may  hereafter  be  called  on  to  in- 
vestigate these  claims,  and  of  preventing  the  unnecessary  waste  of 
capital. 

It  is  needless  to  add  that  the  capitalists  for  whom  my  investiga- 
tions were  made  abandoned  the  enterprise  they  had  in  view,  although 
no  doubt  similar  schemes  will  be  brought  forward  many  times  in 
the  future,  as  they  have  been  in  the  past,  under  the  fervent  advocacy 
of  too  sanguine  enthusiasts. 

Since  the  time  of  the  Spanish  occupation  of  the  Island  of  San 
Domingo,  in  1497,  when  Columbus  found  the  natives  wearing  orna- 
ments of  gold,  more  or  less  of  the  precious  metal  has  been  obtained 
annually  by  washing  the  gold-bearing  sands  of  several  of  its  streams. 
It  is  said  that  during  the  Spanish  domination,  when  the  native  In- 
dians were  held  in  the  most  abject  servitude,  a  certain  amount  of 
gold  was  required  of  each  one  as  the  .result  of  his  labor.     Under  this 
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powerful  stimulus,  the  sands  of  the  chief  gold-bearing  streams  were 
washed  over,  and  we  find,  to-day,  pits  and  other  excavations  along 
their  banks,  said  to  have  been  made  at  that  time.  These  pits  are 
found  along  the  streams  that  to-day  are  known  to  be  the  richest,  and 
it  is  a  reasonable  supposition  that,  under  the  strongest  inducement 
which  can  be  applied  to  stimulate  the  prospector — torture  or  death, 
in  case  of  failure — but  few  really  rich  placers  could  have  escaped  dis- 
covery in  what  was  then  a  comparatively  thickly  settled  country; 
and,  indeed,  the  comparatively  large  shipments  of  gold  at  that  time 
are  proof  of  the  thoroughness  with  which  the  search  was  carried  on. 
Yet  with  all  this,  while  San  Domingo  was  known  at  that  time  as  a 
very  rich  gold  field,  its  production  has  never  been  very  large,  and 
for  the  past  few  centuries,  though  it  has  never  entirely  ceased  to 
produce,  its  output  has  diminished  to  a  quite  insignificant  amount. 
Nor  has  this  resulted  from  ignorance  of  the  fact  that  many  of  the 
rivers  of  the  island  are  gold-bearing,  and  that  gold-bearing  veins 
also  exist;  for  innumerable  efforts  have  been  made  to  interest  capi- 
talists in  their  development,  and  an  amount  of  information  concern- 
ing the  country,  its  placers,  and  quartz  veins,  much  greater  than  is 
usually  necessary  to  secure  the  development  of  a  rich  mineral  dis- 
trict, has  for  many  years  been  available.  Yet  to-day  we  find  mining 
operations  confined  to  the  preliminary  works  for  hydraulic  mining 
in  the  northern-central  part  of  the  island,  and  to  the  explorations 
which  were  made  during  the  early  part  of  1881,  in  the  southern 
portion  of  the  island,  at  the  point  which  furnished  most  of  the  gold 
in  the  time  of  Columbus.  The  impression  which  these  facts  natu- 
rally produce  on  the  practical  mind  is,  that  the  placers  of  the  island 
are  either  exhausted,  as  has  happened  in  so  many  other  countries, 
and  the  quantity  of  gold  now  existing  there  is  too  small  to  pay  in 
ordinary  mining  operations;  or  that  there  are  obstacles  to  success  in 
the  climate,  labor,  government,  or  some  other  essential  element, 
which  interfere  with  the  working  of  the  mines.  These  are  the  points 
I  shall  endeavor  to  consider  in  this  communication. 

By  far  the  most  important  source  of  information  concerning  the  min- 
erals, and  the  value,  in  a  mining  sense,  of  this  district  of  Santo  Do- 
mingo, is  the  work  of  the  late  Dr.  William  M.  Gabb,  "  On  the  Topog- 
raphy and  Geology  of  Santo  Domingo."*    Dr.  Gabb  devoted  the  three 


*  Dr.  Gabb's  Eeport  WJis  first  published   in  the  Transactions  of  the  American 
Philosophical  Society,  vol.  xv.,  new  series,  pp.  49-259. 
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years,  18G9-71,  to  tlie  survey  of  the  Republic,  and  his  report  leaves 
little  to  be  added  upon  the  geology  of  the  district.  I  shall  merely 
state  that  my  personal  examination  of  the  district  fully  satisfied  me 
of  the  general  accuracy  of  Dr.  Gabb's  geological  determinations  and 
statements.  Indeed,  his  appreciation  of  the  probable  value  of  the 
Isabella  placers,  and  of  the  vast  number  of  quartz  veins  in  the 
vicinity  of  the  Jaina  Kiver,  have  been  substantially  confirmed  by  the 
assays  and  tests  of  the  ore  made  for  the  gentlemen  for  whom  my  ex- 
amination was  undertaken. 

I  prefer,  therefore,  where  Dr.  Gabb's  description  and  views  cor- 
respond with  my  own,  to  give  his  own  Avords. 

According  to  Dr.  Gabb,  the  main  or  central  mountain  chain  is 
composed  of  a  central  core  of  eruptive  rocks  (syenites),  which  Imve 
upheaved  and  contorted  the  sedimentary  strata  overlying  and  flank- 
ing them.  This  core  does  not  extend  the  entire  length  of  the  chain, 
but  begins  near  the  middle,  as  a  great  irregularly-shaped  mass  lying 
obliquely  across  the  axis  of  the  range.  Its  eastern  end  is  abruptly 
cut  off  in  the  region  of  the  Jaina.  Overlying  this  syenitic  rock, 
pushed  up,  metamorphosed,  folded,  and  broken  by  it,  is  the  great 
series  of  slates,  conglomerates,  and  limestones  belonging  to  the  Cre- 
taceous formation.  These  cover  the  greater  part  of  the  island,  and 
are  the  oldest  formation  yet  discovered  within  its  limits.  The  sedi- 
mentary rocks,  overlying  the  older  rocks  and  forming  the  coast  forma- 
tion, are  of  Miocene  and  Pliocene  age.  The  eruptions  of  the  central 
range,  and  consequently  the  age  of  the  island.  Dr.  Gabb  says,  "  could 
not  have  been  earlier  than  the  period  of  the  white  chalk  of  Europe, 
and  the  probabilities  are  in  favor  of  their  occurrence  during  the  long 

Eocene  period The  metamorphism   of    the  Cretaceous  was 

completed  before  the  deposition  of  the  Miocene  began."  "Almost 
everywhere  the  metamorphosed  slates  carry  quartz  veins,  sometimes 
barren,  sometimes  auriferous.  These  veins  are  usually  small,  rarely 
more  than  a  foot  or  two  in  width,  although  one  instance  occurs  on 
the  Upper  Jaina  River,  where  a  width  of  over  twenty  feet  is  attained. 
In  no  case  have  I  had  reason  to  suppose  these  masses  of  quartz  to  be 
filled  fissures,  in  the  ordinary  sense  of  the  term.  In  every  instance, 
when  a  good  outcrop  occurs,  so  that  its  nature  could  be  clearly 
made  out,  the  quartz  is  found  interbedded  or  interstratified  with  the 
slate,  following  its  contortions  and  intimately  united  on  the  sides. 
In  other  words,  they  are  true  veins  of  segregation.  They  are  most 
numerous  in  the  vicinity  of  the  injected  masses  of  crystalline  rock. 
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They  occur  also  quite  abundantly  in  the  whitish  talcose  rock  of  the 

main  ridge One  strongly-marked  feature  has  been  observed 

to  characterize  all  of  the  veins.  Those  nearest  to  the  intrusive  rocks 
are  always  gold-bearing;  and  those  at  a  distance  from  them  are  in- 
variably barren.  This  has  been  abundantly  proven  by  innumerable 
examinations.  No  vein-mining  for  gold  has  ever  been  undertaken 
on  the  island,  but  I  have  caused  numerous  analyses  to  be  made  of 
specimens  from  various  localities,  always  with  the  above  results ; 
and  further,  as  a  natural  influence,  every  stream  running  through  the 
metamorphic  rocks  in  the  immediate  neighborhood  of  masses  of 
syenite  carries  gold  in  its  sands,  while  all  of  those  running  exclu- 
sively in  the  syenites,  or  at  a  great  distance  from  them,  are  without 
the  precious  metal.  Thus  the  Nigua  and  Jaina  rivers  are  barren  at 
their  heads,  but,  immediately  on  entering  the  slates,  they  and  all  of 
their  tributaries  are  gold-producing.  ,  .  .  East  of  the  Jaina  River, 
that  is,  east  of  the  eruptive  rocks,  no  gold  has  ever  been  reported 
[in  the  quartz].  It  is  also  in  this  formation  that  the  little  copper  of 
the  Nigua  occurs." 

Dr.  Gabb  emphasizes  this  opinion  in  many  other  places  in  his 
report,  in  speaking  of  the  quartz  veins  which  are  everywhere 
abundant  in  the  metamorphic  slates.  In  his  chapter  on  the  ge- 
ology of  the  region  south  of  the  main  range,  he  says :  "  The  district 
east  of  the  Jaina  furnishes  but  very  few  items  of  interest  for  the 
geologist.  It  is  a  plain,  nearly  level,  or  at  most  gently  roll- 
ing, in  part  open  grass}'  savannas,  varied  by  long  lines  of  trees 
bordering  the  water-courses,  or  in  clumps  scattered  over  their  surface, 
and  covering  every  depression.  .  .  .  The  high  range,  east  of  Bassimo, 
which  separates  the  waters  of  the  Jaina  from  those  of  the  Ozama 
and  its  tributaries,  and  which  gives  rise,  on  its  eastern  side,  to  the 
Isabella,  is  made  up  of  clay  slates,  rarely  talcose,  and  sometimes  jas- 
pery.  They  are  much  traversed  by  quartz  veins,  some,  at  least,  of 
which  are  auriferous.  A  little  gold  has  been  found  in  the  bed  of 
the  Isabella,  though  not  enough  to  be  of  importance.  In  the  latter 
river,  a  greenish-gray  fissile  claystone  is  the  prevailing  rock.  ...  In 
the  woods  of  Monte  Pueblo,  and  on  Madrigal  Creek,  this  rock  varies 
from  a  clay  to  a  talcose  slate,  covered  with  a  heavy  red  soil,  the  rock 
traversed  by  innumerable  little  quartz  veins  rich  in  gold.  The 
whole  surface  of  Monte  ^fueblo  is  auriferous.  The  greater  part,  if 
not  all,  of  the  soil  would  pay  for  washing;  but  unfortunately  the 
deposit  is  too  shallow  to  warrant  the  expensive  ditching  necessary  to 
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cany  water  from  the  Jaina  to  a  height  of  perha[)s  forty  feet  above 
its  level,  opposite  that  point,  to  reach  the  required  level.  The  ag- 
gregate quantity  of  gold  is  probably  not  sufficient  to  cover  the  ex- 
pense of  a  ditch  of  two  or  three  miles  long,  that  would  be  necessary." 
[Lower  down  on  the  Isabella,  the  sands  are  much  poorer,  and  the 
length  of  the  necessary  ditch  many  times  as  long  and  much  more  ex- 
pensive.] "  I  have  obtained  from  an  average  of  a  dozen  to  a  maximum 
of  forty  '  colors '  or  specks  of  gold  from  a  single  panful  of  dirt 
over  the  greater  part  of  this  area."  .   .  . 

"Below  the  mouth  of  the  Mano,  the  Jaina  channel  divides.  .  .  . 
Here  there  is  a  little  i)iece  of  flat  river  bottom,  made  up  of  sand  and 
pebbles,  and,  in  18G9,  Mr.  Ohle  '  prospected '  it  thoroughly,  with 
a  view  to  beginning  mining  operations.  He  found  gold  in  almost 
?.ll  of  his  pits,  but  did  not  seem  to  discover  sufficient  in  any  one  place 
to  warrant  further  proceedings." 

"South  of  the  Madrigal,  on  the  eastern  side  of  the  river,  although 
the  hills  still  retain  for  some  distance  a  height  of  two  or  three  hun- 
dred feet  above  the  river,  the  grassy  surface  of  the  savannas  begins  to 
encroach  on  the  forest.  The  slates  continue  cropping  out  to  the  sur- 
face in  a  few  places  for  four  or  five  miles  here  with  a  recognizable  high 
southern  dip,  until  in  the  Porto  Rico  Savanna  they  are  finally  hid- 
den by  the  gradually  thickening  margin  of  the  savanna  gravels,  made 
up  entirely  of  debris  of  the  rocks  of  the  Upper  Jaina.  Still  farther 
south,  in  the  savanna  of  Santa  Rosa,  these  gravels,  with  their  red 
sand,  angular  fragments  of  quartz,  and  the  little  streaks  of  black 
iron  sand  in  every  little  rain-wash,  remind  a  Californian  irresisti- 
bly of  the  foot-hills  of  the  Sierra  Nevada.  They  are  in  places 
slightly  auriferous,  and,  though  not  probable,  it  is  yet  not  impossi- 
ble that  here,  if  anywhere,  spots  may  be  found  where  hydraulic 
mining  might  be  prosecuted  with  success.  I  say  not  probable,  be- 
cause the  small  amount  of  gold  in  the  ])resent  bed  of  the  river  seems 
to  indicate  that  the  quantity  would  be  proportionately  still  less  when 

spread  over  so  wide  an  area West  of  the  Jaina,  below  the 

mouth  of  the  Mano,  is  a  hilly  region  of  slates,  bounded  on  the  west  by 
the  syenites,  which  extend  across  to  the  Upper  Nigua.  These  hills  are 
traversed  by  numerous  dikes,  and  are  full  of  quartz  veins.  The  slates 
are  an  inextricable  mixtureof  green,  gray,  brown,  and  black  claystones, 
variously-colored  jaspery  slates,  and  some  more  or  less  talcose.  Among 
the  first  I  found,  a  couple  of  miles  below  the  mouth  of  the  Madi'i- 
gal,  a  black  rock,  slightly  arenaceous,  very  compact,  and  full  of  white 
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grains.  This  is  certainly  a  nietaniorphic  shale,  and  yet,  from  its 
appearance  in  hard  specimens,  might  be  mistaken  for  a  porphyritic 
rock.  .  .  .  The  quartz  veins  are  usually  very  small,  hardly  over  a 
few  inches  in  width,  and  seem  to  be  limited  also  in  horizontal  and 
vertical  extent.  A  few,  however,  can  be.measured  by  feet  rather 
than  inches,  and  Mr.  Spear  spent  some  weeks  in  making  an  experi- 
mental opening  on  one,  of  nearly  three  feet  wide,  to  ascertain  its 
character.  The  result  of  his  excavation  was  to  disclose  a  vertical 
vein,  with  well-defined  margins  intercalated  in  the  shale.  The  quartz 
yielded  a  little  gold  by  the  ordinary  miner's  test  of  grinding  in  a 
mortar,  and  washing  the  powder.  It  is  doubtful,  however,  whether 
the  quantity  would  have  been  sufficient  to  warrant  earnest  mining." 
"  On  the  ridge  overlooking  the  mouth  of  the  Mano,  at  the  head  of 
two  streams,  called  the  Anones  and  Caballo,  which  unite  and  run  into 
the  Jaina  a  mile  or  more  below  the  mouth  of  the  Madrigal,  is  the 
largest  quartz  vein  I  have  seen  on  the  island.  It  crops  out  on  the  top 
of  the  ridge,  and  its  down-hill  side  is  so  covered  with  soil  and  great 
blocks  of  quartz,  that  it  is  impossible  to  ascertain  its  exact  width 
from  a  mere  surface  inspection.  It  is  certainly  from  twenty  to 
thirty  feet  thick,  and  may  be  much  more.  Fragments  of  the  quartz 
are  found  the  whole  length  of  both  streams.  Gold  is  found  in  every 
eddy  in  their  canons,  and  I  obtained  it  by  washing  even  the  dirt 
from  the  hill-sides.  The  quartz,  as  it  appears  on  the  surface,  is  more 
or  less  cavernous,  the  cavities  lined  or  filled  with  peroxide  of  iron. 
On  crushing  it  in  a  n^ortar  and  washing  it,  I  obtained  bright  gold 
in  little  flakes.  .  .  .  ♦Not  only  is  this  vein  auriferous,  but  many  of 
the  smaller  ones  must  contain  their  share  of  the  precious  metal. 
Over  an  area  of  several  square  miles  of  this  vicinity,  not  only  do 
the  streams  yield  gold,  but  the  earth  on  the  hill-sides,  and  even 
on  their  summits,  contains  it.  About  La  Horca,  we  found  gold 
everywhere,  and  throughout  the  woods  are  innumerable  pits,  often 
twenty  or  thirty  feet  in  circumference,  and  many  feet  deep,  whence 
the  Indians  mined  the  clay  and  gravel,  and,  carrying  it  to  the  near- 
est stream,  washed  it.  It  is  doubtful,  however,  if  placer  raining 
could  be  made  profitable  on  a  modern  scale.  Not  but  that  the  dirt 
is  rich  enough,  but  its  quantity  in  any  one  place  is  not  sufficient  to 
warrant  the  construction  of  expensive  ditches,  and  the  slow  process 
of  carrying  the  earth  to  the  water  in  the  Indian  style  is  too  labori- 
ous and  costly  to  be  thought  of.  Although  innumerable  little 
streams  intersect  the  bills,  none  carry  sufficient  water  for  sluices. 
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Possibly  some  of  the  larger  creeks,  like  the  Caballo,  Anones,  Jivana, 
etc.,  might  pay  moderately  to  wash  their  channels,  but  tliey  would 
be  exhausted  too  quickly  to  make  them  an  object  of  attention  alone. 
The  women  constantly  wash  gold  in  the  creek  beds,  and  also  in 
those  of  their  tributaries,  using  the  well-known  'batea'  or  wooden 
bowl.  They  are  content  with  a  return  of  three  or  four  reals  (37i  to 
50  cents)  per  day.  I  have  myself  obtained  in  the  Jivana  grains 
worth  as  much  as  ten  cents  in  the  ordinary  gold  pan,  and  I  have 
seen  lumps  weighing  a  quarter  of  an  ounce,  obtained  by  women  in 
the  same  manner." 

"  There  can  be  no  doubt  as  to  the  sources  of  this  gold.  It  is  true 
that  it  is  usually  more  or  less  rounded,  but  a  very  little  transporta- 
tion among  hard  stones  will  suffice  to  produce  this  appearance.  It 
is  never  found  far  away  from  or  up-stream  above  the  quartz  veins. 
\Yhere  (piartz  is  most  abundant,  the  gold  is  also  found  in  the  great- 
est quantities,  and  where  the  one  [quartz]  is  absent,  the  other  does 
not  occur.  On  the  hill-sides,  the  auriferous  earth  is  clearly  derived 
from  the  decom[)osition  of  the  underlying  slates,  and  finally,  gold 
is  nowhere  found  in  those  ]\^rts  of  the  strean)s  running  only  in  the 
eruptive  rocks,  unless  a  belt  of  slate  crosses  still  higher  up.  '  Nor  is 
it  ever  found  in  the  earth  overlying  the  syenites.  Throughout  this 
region  syenitic  dikes  are  constantly  encountered,  and  the  upper  half 
of  the  Jivana  runs  through  the  parent  mass,  while  veins  of  the  same 
rock  crop  out  in  several  places  in  the  lower  part  of  its  course,  as  well  as 
at  the  mouth  of  the  Anones,  and  in  the  bed  of  the  neighboring  part 
of  the  Jaina.  We  have  thus  a  further  proof«of  the  theory,  already 
enunciated,  that  the  proximity  of  eruptive  masses  is  the  cause  of 
the  presence  of  gold  in  the  quartz  veins  of  this  country." 

Dr.  Gabb's  explanation  of  the  origin  of  the  gold-bearing  gravels 
of  San  Domingo  is  undoubtedly  correct.  They  come  from  the  dis- 
integration of  quartz  veins.  The  greater  part  of  these  appear,  as  he 
says,  to  be  merely  segregated  veins,  intercalated  in  the  metamorphic 
slates,  though  some  of  them,  which  occur  in  the  syenites,  apjjear  to 
be  true  fissures,  filled,  probably,  by  segregation  from  the  country 
rock,  as  is  indeed  the  case  with  most  quartz  veins.  The  important 
practical  question  is,  whether  these  gravels  and  veins  cuntain  sufficient 
gold  to  make  their  exploration  profitable. 

The  work  of  the  Indians  was  confined  chiefly  to  washing  the 
gravel  found  in  the  beds  of  the  streams,  which  were  far  richer  then 
than  now,  and   far  richer  than  that  on  the  savannas  and   plains. 
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On  some  of  the  streams,  they  also  dug  pits  of  considerable  extent  in 
the  banks  and  small  valleys  which  border  the  streams  on  which  we 
now  know  of  the  existence  of  gold-bearing  qnartz  veins. 

The  fact  that  these  ancient  works,  made  when  the  whole  country 
was  thickly  inhabited,  and  the  gold-mining  industry  had  attained 
its  greatest  development,  and  was  pushed  with  an  ardor  that  tended 
much  to  the  extinction  of  the  native  population  of  the  island,  were 
confined  to  the  present  river-beds,  except  in  a  small  number  of  in- 
stances, must  be  taken  as  an  indication,  if  not  an  absolute  proof,  that 
the  gravel-beds,  with  few  exceptions,  did  not  contain  paying  quan- 
tities of  gold,  except  in  the  concentrations  of  the  river-beds. 

A  great  number  of  tests  of  gravel  from  different  parts  of  the 
plains  and  river-beds,  supposed  to  be  the  richest,  were  made  by 
two  French  engineers  in  charge  of  the  exploration  works,  on  which 
I  reported  in  1881.  These  tests  were  made  with  the  pan  or 
"batea,"  by  native  women,  experts  in  this  work,  and  the  results  ob- 
tained showed  an  average  of  less  than  one  cent  per  cubic  meter. 

I  visited  a  number  of  the  more  important  openings  made,  saw 
the  bed-rock  in  place  at  a  great  number  of  points  in  the  plains  or 
savannas,  and  tested  myself,  with  the' pan,  some  of  the  points  in  the 
river-bed  which  had  given  the  highest  returns.  I  also  tested  in  a 
few  j)laces  the  gravel  from  the  banks  of  the  streams  which  were 
represented  as  carrying  the  mast  gold,  and  substantially  confirmed 
the  accuracy  of  those  results.  I  found  gold  in  many  places.  In  none 
did  I  find  any  very  rich  pans,  and  it  was  evident  that  the  gravel 
from  the  banks  of  the  streams  and  from  the  plains  was  very  much 
poorer  than  that  from  the  beds  of  the  rivers. 

If  the  average  amount  of  gold  found  had  been  ten  times  greater 
than  it  was,  it  would  still  have  been  insufficient  to  make  economi- 
cally possible  the  working  of  these  gravels  on  a  large  modern  scale 
by  any  system  of  mining  applicable  to  them. 

The  amount  of  gravel  in  any  one  place  is  insufficient,  even  if  it 
were  rich  enough  to  work,  to  justify  the  expense  of  bringing  the 
water  from  the  great  distance  necessary  to  get  head  or  pressure,  and 
there  is  no  sufficient  dump-room  for  the  gravel,  even  if  its  quantity 
and  richness  were  such  as  to  justify  the  bringing  in  of  the  water. 
So  that  the  mining  value  of  these  gravel-beds  is  absolutely  zero. 
There  are  quartz  veins,  also,  on  the  Isabella  River,  but  though  those 
occurring  near  the  junction  of  the  metamorj^hic  rocks  and  the  syenite 
are  doubtless  auriferous  to  some  extent,  there  is  nothing  now  known 


THE   GOLD    FIELDS   OF   SAN    DOMINGO.  353 

concerning  them  that  wouKl  give  them  any  commercial  vahie,  nor 
are  the  prospects  of  success  sufficiently  promising  to  justify  the  ex- 
penditure of  further  capital  in  exploration  work.  The  assays  of 
numerous  samples  gave  no  gold. 

The  greater  part  of  the  quartz  veins  of  the  Jaina  are  evidently 
iuterbedded  veins  in  higiily  silicious  metamorphic  slates  near  the 
contact  of  the  syenite.  They  vary  in  thickness,  from  a  mere  string  of 
quartz,  running  a  few  feet  in  length,  to  veins  of  several  feet  in  thick- 
ness, and  of  considerable,  though  unknown,  length.  They  are,  to 
all  appearances,  segregations  of  silica  from  the  surrounding  rocks, 
and  are  doubtless  subject  to  the  usual  wide  fluctuations  in  thickness, 
length,  and  depth,  which  characterize  veins  of  this  character. 

There  are,  probably,  also  quartz  veins  in  syenitic  rocks  which 
have  a  general  north  and  south  direction.  These  several  veins  have 
usually  a  clay  parting  on  the  walls,  although,  as  the  openings  are 
thus  far  to  a  depth  of  only  ten  to  twelve  meters,  where  the  rocks  are 
still  decomposed,  it  is  not  certain  that  the  quartz  will  not  "stick"  to 
the  unaltered  country  rock  when  greater  depth  is  attained.  Indeed, 
it  is  highly  probable  that  the  intercalated  quartz  will  stick  to  the 
inclosing  shales. 

I  had  a  large  number  of  average  samples,  some  of  them  over  a 
ton  in  weight,  taken  from  a  number  of  different  veins,  and  assayed. 
None  of  these  samples  showed  any  paying  quantity  of  gold,  and  most 
of  the  ore  was  found  to  contain  none  at  all.  There  is  never  any  gold 
visible  in  this  quartz,  and  the  results  of  the  assays  should  represent 
fairly  the  average  value  of  the  ore  at  the  depths  attained. 

We  are  fully  justified  in  concluding  that  while  probably  several 
of  the  Jaina  veins  contain  traces  or  small  quantities  of  gold,  none 
of  them  carries  it  in  any  quantity  which  would  justify  the  ex- 
penditure of  capital  even  in  exploration  work.  Engineers  are  fre- 
quently called  upon  to  examine  poor  property,  and  to  explode  over- 
sanguine  estimates;  but  it  is  rare  to  find  so  slight  a  foundation  as 
this  district  of  San  Domingo  allbrds  for  the  magnificent  reports  of 
incalculable  riches  which  have  been  circulated  periodically  since  the 
days  of  Columbus.  The  simple  fact  is  this :  its  placers,  which  were 
never  extensive,  were  long  ago  worked  out,  and  thus  far  the  most 
diligent  search  has  failed  to  find  among  the  hundreds  of  quartz  veins 
known  a  single  one  that  contains  paying  ore. 

In  addition  to  this,  it  may  be  stated  in  a  general  way,  and  without 
going  into  the  detailed  information  which  abundantly  substantiates 
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the  opinion,  that  there  are  obstacles  to  success,  in  the  form  of  cli- 
mate, labor,  government,  and  other  essential  elements,  so  serious  as 
to  be  scarcely  second  in  importance  to  the  richness  and  quantity  of 
the  gravel  or  quartz  in  determining  the  investment  of  capital  in  this 
historic  district. 


THE  AMOUNT  OF  OIL  REMAINING  IN  PENNSYLVANIA 
AND  NEW  YOBK. 

BY  HENRY  E,   WRIGLEY,   C.E.,   PHILADELPHIA. 
THE   BOUNDARIES   OF   THE   OIL    REGION. 

The  boundaries  of  the  oil  region  in  Pennsylvania  and  New  York, 
as  determined  by  the  drill,  embrace  a  much  larger  extent  of  terri- 
tory than  is  generally  supposed,  being  nearly  200  miles  in  length 
from  north  to  south,  with  an  average  width  of  25  miles,  covering  an 
area,  within  somewhat  irregular  lines,  of  about  4250  square  miles. 

After  twenty  years  of  development  we  find  these  lines  practically 
the  same  as  those  laid  down  by  McClure  in  his  geological  map  of 
the  United  States,  published  in  1817,  and  denominated  and  colored 
by  him  as  the  "line  of  salt,"  which  was  found  in  quantity  long 
before  petroleum. 

The  eastern  line  of  the  entire  oil  region  lies  in  a  northeast  and 
southwest  direction,  parallel  to  and  some  distance  west  of  the 
Allegheny  Mountains;  the  south  line  is  substantially  one  drawn 
between  the  western  boundary  of  Butler  County  and  the  town  of 
Kittanning  in  Armstrong  County;  the  west  line  passes  just  outside 
of  Butler  County,  cutting  off  a  small  corner  of  Mercer,  west  of  the 
towns  of  Franklin,  Titusville,  and  Warren,  into  New  York  State, 
where  it  rounds  oif  the  end  of  this  long  strip  in  the  counties  of  Al- 
legheny and  Cattaraugus,  and  joins  the  eastern  line,  near  Olean,  New 
York,  north  of  the  city  of  Bradford.     (See  map.) 

The  eastern  line,  starting  from  Kittanning,  ])asses  through  the 
northeast  corner  of  Clarion  County,  the  southeast  corner  of  Warren, 
cutting  Forest  County  through  the  centre,  and  reaching  the  before- 
mentioned  extreme  northeastern  developments  near  Olean.  These 
lines  have  been  taken  broadly  to  include  all  territory  that  could  ever 
possibly  come  into  the  question  as  oil-producing. 

These  lines  having  been  proved  by  the  drill  may  be  considered 
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final.  But  there  are  also  structural  reasons  for  their  existence. 
The  south  line  is  final  because  the  oil-gathering  sponge-rock  on  that 
line  is  found  at  such  a  dei)th,  owing  to  the  dip  of  the  strata  from 
the  northwest,  that  the  known  temperature  of  the  earth  at  that  depth 
precludes  the  existence  of  hydrocarbons  in  any  other  than  a  gaseous 
form.  The  string  of  gas  wells  from  Leechburg  to  South  Butler 
County  are  brilliant  and  permanent  witnesses  to  this  fact. 

The  whole  of  this  section  of  these  States  was  at  one  time  a  level 
plain,  the  Allegheny  Mountains  being  only  waves  of  upheaval ; 
these  waves  dying  out  as  they  went  more  and  more  faintly  towards 


the  Ohio  line.  The  verti(|al  fissures  left  in  the  strata  by  these  waves 
of  upheaval  allowed  the  gas  to  come  up  from  the  buried  shale 
20,000  feet  below,  and  condense  in  the  ])ebble  rocks  under  a  solid 
cap  or  cover  of  unbroken  rock  1500  feet  thick,  where  the  drill  tai)ped 
it  in  the  form  of  oil.     But  where  the  rolls  of  the  strata  were  so  great 
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that  the  fissures  extended  all  the  way  to  the  surface,  the  gas  came  to 
the  surface  too,  and  went  off  in  the  air  as  fast  as  it  was  made. 

The  eastern  limit  is  the  line  where  all  the  fissures  of  the  anticli- 
iials  and  synclinals  have  come  to  the  surface,  and  a  very  little  re- 
search will  satisfy  one  as  to  the  certainty  and  finality  of  this  line. 

The  reason  for  the  west  line  is  just  the  opposite;  the  waves  all 
died  out  and  there  were  no  fissures  at  all,  so  the  gas  could  not  come 
up.  This  same  reason  holds  good  on  the  north  line  all  the  way 
round  to  Olean,  with  this  exception,  that  on  the  north  line  the  fis- 
sures do  exist  at  a  greater  and  greater  depth  as  we  go  northward ; 
and  we  can  reach  them  by  drill  and  torpedo  if  we  go  deep  enough, 
provided  we  never  exceed  the  safe  depth  for  temperature  of  2200 
to  2500  feet.  We  may  safely  assume  that  at  a  red-hot  depth  under 
the  whole  country  lies  the  vast  bed  of  the  Huron  coal  shales,  and 
the  question  is  only  one  of  distillation  and  outlet;  of  a  conduit 
to  some  natural  condenser  with  a  strong  cover  near  enough  to  the 
surface  of  the  earth  to  be  above  the  line  of  temperature,  so  that 
we  can  tap  it  with  the  drill.  No  account  is  taken  of  the  occurrences 
of  oil  from  the  upper  light  shales  in  the  shallow  wells  at  Mecca, 
Ottin,  and  elsewhere  west  of  this  western  line,  as  they  are  totally 
unimportant  factors  in  the  general  problem. 

GEOLOGY   OF   THE   OIL   REGION. 

Assuming  the  general  surface  of  the  country  in  Western  Pennsyl- 
vania to  be  level,  a  board  with  its  edges  due  north  and  south,  east 
and  west,  tilted  up  slightly  at  the  upper  left-hand  corner  (represent- 
ing the  city  of  Erie),  will  give  the  general  idea  of  the  dip  of  the 
strata  throughout  this  section.  It  will  show  two  dips,  one  to  the 
east,  the  other  to  the  south ;  and,  as  the  surface  is  level,  these  strata 
come  successively  to  the  surface  as  we  go  northward  and  westward. 
The  oil  sands  of  Butler  County,  for  instance,  if  projected  into  the 
air  on  the  line  of  their  dip,  would  be  1000  feet  above  the  level  of 
Lake  Erie;  so  too,  the  same  third  oil  sand  that  we  find  at  Tidioute, 
at  a  depth  of  100  feet  on  the  river  bank,  we  find  at  1800  feet  in 
Butler  County.  The  oil  sands  practically  end  and  crop  out  all 
across  the  oil  section  on  the  line  shown  above  Tidioute. 

Now  there  are  four  conditions  necessary  to  the  production  of  oil 
in  quantity  : 

1st.  The  oil  shale,  which  exists  under  the  entire  region,  and  far 
outside  of  it  at  a  red-hot  depth  in  the  earth. 

2d.  Such  vertical  fissures,  caused  by  upheavals  in  these  secondary 
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strata,  as  will  allow  the  gas  generated  by  the  heat  of  the  earth  from 
these  carbonaceous  shales,  to  escape  upward  to  a  point  within,  say 
2000  feet  of  the  surflice. 

3d.  Between  this  point  and  within,  say,  100  feet  of  the  surface,  a 
cooler  reservoir,  either  of  coarse  jiebble  rock  or  an  aggregation  of 
small  fissures  to  receive  the  gas  and  condense  it,  either  with  or  with- 
out pressure,  into  oil. 

4th.  Over  this  reservoir  there  must  be  a  solid  cap  or  cover  of 
rock  to  confine  the  products  of  distillation. 

In  the  entire  region  south  of  Tidioute  the  third  or  oil  sand  is 
traced  readily  by  the  record  of  the  wells,  and  the  known  dip  of  the 
rock  of  about  20  feet  to  the  mile,  the  level  of  the  wells,  if  on  a  hill, 
being  first  taken  from  some  known  point. 

In  the  entire  region  north  of  Tidioute  the  reservoirs  are  simply 
crevices  and  have  no  reference  to  sands,  but  the  operator  carrying  his 
experience  of  oil  sand  with  him  from  below,  drills  his  well  down  to  a 
certain  close  gray  sandrock  as  a  guide.  It  is  simply  because  he  finds 
that  the  general  horizon  of  the  termination  of  the  vertical  fissures 
at  the  upper  end  occurs  in  this  particular  line  of  strata.  The  gentle- 
ness of  the  waves  of  strata  at  this  point  and  the  insignificance  of  the 
dip  account  for  the  general  regularity  of  the  sand-rock.  But  great 
perplexity  is  often  caused  by  its  occasional  irregularity. 

This  entire  long  oil  section  of  4250  square  miles  may  therefore  be 
divided  into  two  areas  of  pebble-rock  and  fissure  territory  respec- 
tively, with  the  dividing  line  of  the  outcrop  of  the  pebble-rock  a 
little  above  Tidioute.  The  oil  region  may  be  defined  as  that  por- 
tion of  Western  Pennsylvania  and  New  York  which,  within  the 
boundaries  here  defined,  possesses  all  the  four  requisites  mentioned 
for  the  production  of  oil  in  quantity.  On  the  east  there  is  no  cover, 
on  the  west  and  north  it  is  all  cover  and  no  crevices  within  reach  of 
a  proper  depth  of  temperajture,  and  on  the  south  the  reservoirs  are 
all  below  the  line  of  temperature.* 

THE    PRODUCTION    OF   OIL. 

Until  January  1st,  1875,  the  known  area  of  oil  territorj'^  was 
3115  square  miles.  This  embraced  all  that  part  of  the  oil  section 
described  as  pebble-rock  territory  lying  south  of  Tidioute,  with  but 
trifling  exceptions  outside.     Up  to  that  time  but  31)^  square  miles, 

*  In  vol.  J,  of  the  Report  of  the  Second  Geological  Survey  of  Pennsylvania,  fuller 
details  of  these  points  can  be  found  than  the  limits  of  this  paper  will  jjernnt. 
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or  about  25,000  acres,  of  this  area  had  been  found  to  be  actual  pro- 
ducing territory  by  the  sinking  of  nearly  11,000  wells. 

During  the  next  three  years  the  discovery  of  fresh  fields  became 
more  difficult,  and  as  the  average  life  of  a  well  does  not  exceed  two 
and  one-half  years,  the  price  of  oil  steadily  increased.  This  stimu- 
lated search  to  such  an  extent  that  before  1879  over  15,000  more 
wells  were  put  down  in  all  directions,  resulting  not  only  in  the  dis- 
covery of  eleven  more  square  miles  of  territory  but  in  condemning 
a  vast  portion  of  the  outside  field. 

In  1879  Bradford  had  attained  such  proportions  that  its  large 
product  thrown  on  the  market  discouraged  the  expensive  "  wild- 
catting"  and  the  deep-well  sinking  of  the  lower  field;  since  then 
there  have  not  been  added  more  than  three  and  a  half  square  miles 
of  actual  producing  territory,  making  the  total  amount  in  the  pebble- 
rock  territory  54  square  miles. 

From  the  manner  of  "  feeling  one's  way,"  with  the  drill  in  devel- 
oping the  lower  country,  the  operator,  in  defining  every  five  square 
miles  of  actual  producing  territory,  condemned  60  to  100  square 
miles  around  him  by  his  test-wells  or  antennce,  spread  out  in  all  di- 
rections. I  believe  this  will  be  accepted  as  a  fair  estimate  based  on 
experience,  and  will  dispose  of  at  least  800  square  miles. 

Xow  as  the  boundary  lines  of  the  entire  oil  section,  ranging  in 
leno-th  much  over  400  miles,  are  all  staked  out  by  gas  wells,  dry 
holes,  and  failures,  and  as  the  area  has  been  liberally  estimated,  we 
may  safely  draw  around  these  boundaries  a  cordon  of  an  average 
width  of  two  miles,  and  that  will  dispose  of  at  least  800  miles  more. 

There  is  not  one  particle  of  the  territory  south  of  Tidioute  and 
west  of  the  Allegheny  River,  as  far  down  as  Franklin,  that  has  not 
either  been  exhausted  or  condemned  for  all  purposes  of  quantity,  by 
persistent  and  unmitigated  "  wild-catting."  There  is  only  left,  on 
the  west  side  of  the  Allegheny  all  the  way  down  below  Franklin, 
a  small  belt  or  strip  of  land,  what  may  be  called  uncertain  land,  on 
the  west  side  of  Butler  County  and  the  southwest  corner  of  Ve- 
nango County,  not  exceeding  180  square  miles. 

On  the  east  side  of  the  Allegheny,  below  Oil  City,  there  is  only  a 
small  area  of  not  more  than  40  square  miles  in  the  north  part  of 
Clarion  County  and  vicinity,  which  may  possibly  be  oil-bearing. 
There  is  left  on  the  east  side  of  the  Allegheny,  north  of  Oil  City, 
all  that  part  of  Forest  County  lying  west  of  the  great  east  boun- 
dary, still  a  wilderness,  containing  350  square  miles  of  uncertain 
pebble-rock  territory,  good  for  shallow  wells  (in  spots,  of  from  100 
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to  500  feet  deep).  There  is  left  also  in  the  interstices,  so  to  speak, 
of  these  larger  areas,  and  scattered  over  them,  a  number  of  small 
uninvestigated  j)rodueing  areas  which  will,  no  doubt,  be  productive 
later  to  a. small  amount. 

Any  one  who  will  give  the  subject  candid  consideration  will  not 
claim  500  square  miles  of  what  may  be  called  uncertain  territory  in 
the  pebble-rock  division  of  the  oil  section;  and  the  amount  of  actual 
oil  territory,  judging  by  the  results  of  twenty  years  in  the  remaining 
2600  square  miles,  will  not  be  more  than  eleven  square  miles. 

The  1200  square  miles  of  the  oil  section  north  of  Tidioute,  which 
has  been  described  as  crevice  territory,  must  be  considered  in  an 
entirely  different,  manner.  The  key  to  the  exact  location  of  the 
boundary  line  of  the  oil  section  in  New  York,  on  its  north  and 
west  lines,  may  be  found  in  the  following  illustration: 

The  crevice  which  furnishes  the  gas  in  the  well  at  Fredonia,  New 
York,  on  the  lake  shore,  was  found  at  a  depth  of  1500  feet  below 
the  bottom  of  the  oil  wells  near  Olean,  New  York;*  that  is  lohy 
they  find  only  gas  in  thai  section.  The  crevice  reservoirs  lie  deeper 
and  deeper  as  the  waves  of  disturbance  die  out  northward  and  west- 
ward, until  they  pass  that  point  of  the  line  of  temperature  at  which 
oil  can  exist  as  a  fluid.  This  line  which  I  have  described  as  the 
final  north  and  west  boundary,  can  be  readily  tested  by  any  one  who 
will  take  the  record  of  the  wells  on  the  lake  shore  and  the  nearest 
producing  wells,  and  measure  off  to  the  point  between  them  that 
calls  for  a  mean  geological  horizon  of  2000  feet  from  the  mean  gra- 
dient of  the  surface. 

For  the  same  reason  no  well  in  this  section  should  be  considered 
dry  until  it  has  been  drilled  at  least  2000  feet,  and  well  shot  with 
torpedoes.  There  are  no  doubt  a  number  of  wells  which  have  been 
abandoned  under  the  mistaken  idea  of  the  necessity  of  reaching  a 
certain  sand,  and  which  might  have  been  driven  several  hundred 
feet  to  a  good  production. 

The  proportionate  area  of  actual  producing  territory  in  the  crevice 
oil  section  will  ai)proach  nearly  to  40  or  50  per  cent.  It  does  not 
follow  that  the  actual  amount  of  oil  obtained  is  necessarily  much 
greater  than  in  the  pebble-rock  section,  for  the  wells  are  scattered 
more  widely  apart  over  large  areas,  instead  of  being  huddled  together 
over  a  small  bed  of  sponge-rock  in  the  lower  region.  Assuming  that 
as  much  as  600  out  of  the  1200  square  miles  of  crevice-rock  section* 

*  iSee  section  of  oil  country  in  vol.  J,  2(1  Geol.  Survey  of  Penna. 
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will  be  found  to  be  oil  territory  in  the  manner  here  described,  Brad- 
ford and  the  vicinity  of  Olean  have  already  consumed  230  square 
miles,  well  determined  and  already  on  their  decline.  This  is  a  matter 
of  commercial  record.  The  time  occu[)ied  in  this  exhaustion  is  the 
fastest  on  record,  only  a  little  over  two  years.  Some  80  more  square 
miles  of  new  territory  are  also  now  in  full  operation,  around  Rich- 
burg  and  elsewhere. 

With  this  simple  outline  of  the  oil  field,  and  with  the  records  of 
actual  results,  one  can  readily  form  an  estimate  of  the  amount  of  oil 
remaining.  There  is  no  necessity  for  republishing  here  the  detailed 
tables  of  statistics  of  production  of  oil.  The  present  situation  is 
simply  this: 

If  54  square  miles  of  the  lower  actual  territory  produced  in 
round  numbers  108  millionsof  barrels  of  oil,  then  the  eleven 
square  miles  left  will  give 22,000,000 

If  230  square  miles  of  crevice-rock  territory  produced  46  mil- 
lions of  barrels,  then  the  370  square  miles  remaining  will 
give 74,000,000 

Total, 96,000,000 

It  is  only  necessary  to  add  that  the  present  yearly  out-put  is  over 
25  million  barrels. 

Conclusion. — There  are  many  minor  questions  that  are  necessarily 
excluded  in  a  concise  presentation  of  this  subject,  such  as  the  possi- 
bility of  resuscitating  old  oil  fields;  of  the  imperfection  of  the  sur- 
veys of  Western  Pennsylvania  ;  of  the  enormous  waste  and  destruc- 
tion in  the  early  oil  developments  ;  of  the  origin  of  the  oil ;  of  the 
effect  of  the  denser  gravity  of  the  surface-water  on  the  oil  in  the  rock, 
etc. 

The  thought  which  the  writer  desires  to  present  plainly  in  this 
paper,  which  is  the  result  of  many  years  of  close  observation,  is 
that  the  oil  section  has  now  reached  a  point  of  development  when 
the  amount  of  oil  remaining  can  be  measured  with  sufficient  ac- 
curacy  to  predict  definitely  the  life  of  the  region.  He  does  not 
wish  to  be  considered  a  pessimist,  he  would  be  glad  to  know 
that  he  is  wrong ;  but  the  possession  of  a  check-book  is  not  of 
itself  an  evidence  of  wealth.  We  have  had  a  certain  fixed  quantity 
of  oil  placed  to  our  credit  in  the  Bank  of  Nature  on  which  we 
have  been  drawing  checks  for  twenty  years ;  in  1875  we  were 
checking  out  6  millions,  and  in  1882  we  are  checking  out  25  mil- 
lions annually.  Some  day  the  check  will  come  back  indorsed  "No 
deposit ;"  and  we  are  approaching  that  day  very  fast. 
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IBON  AND   STEEL   CONSIDERED  AS  STRUCTURAL 
If  A  TERIALS—A  DISCUSSION. 

President  Metcalf  called  the  meeting  to  order,  and  asked  Mr. 
Ashhel  Welch,  President  of  the  American  Society  of  Civil  Engineers, 
to  open  the  discussion. 


Remarks  of  Mr.  Ashbel  Welch. 

Gentlemen  of  the  American  Institute  of  Mining  Engineers. — As  you 
well  know  an  application  is  about  to  be  made  to  Congress,  by  the 
American  Society  of  Civil  Engineers,  for  the  appointment  of  a  com- 
mission composed  of  persons  skilled  in  the  production  and  use  of 
iron,  steel,  and  other  structural  materials,  whose  duty  it  shall  be  to 
test  the  strength,  elasticity,  and  other  qualities  of  such  materials; 
not  simply  the  substances  u^ed  as  such,  but  the  members  of  large 
structures  composed  of  such  materials,  of  the  forms  and  sizes  in 
which  they  are  actually  used.  As  I  understand,  the  papers  that 
will  be  read  here  to-night  will  have  for  their  object  to  show  the 
necessity  for  such  tests,  and  therefore  the  necessity  for  the  commis- 
sion asked  for. 

As  the  representative  of  the  Society  of  Civil  Engineers,  I  have  to 
thank  you,  gentlemen  of  the  Mining  Engineers,  for  the  great  zeal  with 
which  you  have  taken  up  this  subject,  and  seconded  the  efforts  of 
the  Civil  Engineers;  or,  perhaps  I  ought  rather  to  say,  initiated  the 
efforts  to  get  a  suitable  commission  appointed  to  obtain  most  vitally 
important  information  which  it  is  admitted  on  all  hands  we  do  not 
now  possess. 

In  drawing  up  the  memorial  to  Congress,  in  connection  with  some 
of  the  ablest  and  best  informed  of  our  Society,  and  in  all  the  discus- 
sions on  the  subject,  I  have  been  struck  with  the  emphasis  with 
which  the  confession  is  made,  that  so  little  is  known  of  the  strength 
of  the  larger-sized  members  constantly  used  in  building  structures 
of  the  magnitude  which  the  present  requirements  of  the  country  now 
demand.  I  presume  the  remarks  made  to-night  will  bring  this  out 
very  prominently.      This  is  no  disgrace,  for  with  the  means  here- 
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tofore  in  use  it  was  impossible  to  get  the  information  required.  A 
good  preliminary  step  towards  the  acquisition  of  knowledge  is  to  feel 
and  frankly  confess  our  ignorance. 


Paper  by  Charles  Macdonald, 

ox   THE  NECESSITY   OF   GOVERXMENT   AID   IN   ORGANIZING   A   SYSTEM   OF   TESTS 
OF   MATERIALS   USED   FOB  STRUCTURAL,  PURPOSES. 

It  may  seem  to  be  almost  unnecessary  to  occnpy  the  time  of  the 
Institute  in  further  consideration  of  a  question  which  has  been  so 
comprehensively  treated  in  papers  already  on  file  in  our  own  Trans- 
actions and  in  those  of  the  American  Society  of  Civil  Engineers. 

Unfortunately,  however,  the  results  of  these  concerted  efforts  have 
not  been  materially  to  increase  our  stock  of  knowledge  in  the  direc- 
tion sought  for ;  and  as  the  necessity  for  this  information  is  becom- 
ing more  and  more  apparent  as  the  demand  for  structural  materials 
increases,  it  is  believed  that  by  continuing  the  agitation  by  means 
of  discussions  in  this  and  kindred  societies,  whose  members  are 
vitally  interested  in  obtaining  reliable  data  as  to  the  properties  of 
the  materials  they  are  called  upon  to  work  with,  public  opinion 
may  be  educated  up  to  the  importance  of  exerting  such  an  influence 
upon  the  law-makers  of  the  country  as  will  result  in  the  formation 
of  a  competent  board,  with  adequate  means  at  its  disposal,  to  carry 
out  this  great  work  in  a  manner  alike  acceptable  to  the  makers  and 
users  of  the  materials  in  question. 

It  may  be  proper  in  the  first  place  to  glance  briefly  at  what  has 
been  attempted  thus  far,  then  to  indicate  some  of  the  more  impor- 
tant lines  of  needed  investigation,  and  finally  to  consider  reasons 
why  government  aid  may  with  propriety  be  sought  for  in  carrying 
on  the  work. 

At  a  convention  of  the  Society  of  Civil  Engineers  held  at  Chicago 
June  5th,  1872,  it  was,  on  motion  of  General  William  Sooy  Smith, 
resolved,  that, 

"  Whereas,  American  engineers  are  now  mainly  dependent  upon  formiilfe 
for  the  calculation  of  strength  of  the  different  forms  of  iron  and  steel,  not  based 
on  experiments  upon  American  materials  and  manufacture;  and 

"  Whei-eas,  These  differ  greatly  in  many  of  their  characteristics  from  those 
of  foreign  production,  both  in  their  nature  and  forms  :   therefore, 
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"  Rksolved,  That  a  oommittoe  of  five  be  appointed  to  urge  upon  the  United 
States  Government  the  importance  of  a  thorough  and  complete  series  of  tests  of 
American  iron  and  steel,  and  the  great  value  of  formulae  to  be  deduced  from  such 
experiments." 

Pursuant  to  this  resolution  a  committee  was  appointed,  by  whose 
efforts  Congress  was  induced  to  pass  a  law,  March  4th,  1875,  pro- 
viding for  the  ai)pointment  of  a  United  States  Board  to  Test  Iron 
and  Steel,  and  an  appropriation  of  seventy-five  thousand  dollars 
($75,000)  was  made  for  that  purpose. 

The  board  appointed  under  the  law  above  referred  to  consisted  of 
Colonel  T.  T.  S.  Laidley,  Ordnance  Department,  U.  S.  A. ;  Comman- 
der L.  A.  Beardslee,  U.  S.  N.  ;  Lieutenant-Colonel  Q.  A.Gillmore, 
U.  S.  A.;  Chief  Engineer  David  Smith,  U.  S.  N. ;  William  Sooy 
Smith,  C.  E. ;  A.  L.  Holley,  C.  E. ;  K.  H.  Thurston,  A.M.,  C.  E., 
Sec7'etary  ;  and  they  were  ordered  to  report  from  time  to  time  to  the 
President  of  the  United  States. 

It  was  deemed  the  first  and  most  important  duty  of  the  board  to 
provide  an  accurate  testing  machine.  This  proved  to  be  a  more 
serious  matter  than  was  at  first  supposed.  There  were  no  machines 
in  the  country  which  could  be  considered  as  giving  anything  more 
than  approximate  results;  and  to  construct  a  new  machine  upon 
approved  principles  required  much  time  and  a  large  expenditure  of 
money;  much  more,  in  fact,  than  was  represented  by  the  sum  paid 
for  it.  At  length  a  machine  was  completed,  which  for  accuracy  of 
the  results  obtained  and  range  of  power  exerted,  is  unequalled,  per- 
haps, in  the  world.  Owing  to  the  length  of  time  expended  in  com- 
pleting it,  however,  the  original  appropriation  became  exhausted, 
and  the  board  was  legislated  out  of  existence,  having  had  scarcely 
an  oj)portunity  to  verify  the  capabilities  of  the  very  instrument  which 
had  been  brought  to  perfection  under  its  fostering  care,  and  through 
the  proper  use  of  which  so  much  valuable  information  could  be  ob- 
tained. 

As  might  have  been  supposed,  the  board  did  not  confine  its  efforts 
to  the  construction  of  this  machine.  About  150  si)ecimens  of  steel 
were  analyzed,  and  tests  of  their  physical  and  mechanical  proper- 
ties made  with  a  view  to  determine  the  relations  between  chemical 
constitution  and  useful  qualities. 

In  wrought  iron  the  effects  of  reheating  and  rcrolling  were  care- 
fully examined,  and  the  report  contains  valuable  information  as  to 
the  diifcrent  processes  of  making  and  rolling  iron,  the  effects  of 
various  kinds  of  strain,  the  best  methods  of  makinir  cables  for  larere 
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vessels,  and  to  determine  how  uniform  strength  can  be  secured  in 
iron  of  different  sizes  in  the  bar,  and  how  to  make  large  masses 
equally  strong  with  small  pieces. 

Alloys  of  copper-zinc  and  copper-tin-zinc  were  exhaustively  ex- 
amined and  the  results  exhibited  on  a  small  triangular  model  from 
which  may  be  obtained  by  inspection  the  characteristics  of  any  pos- 
sible combination  of  these  metals. 

Extensive  preparations  had  also  been  made  for  ascertaining  ex- 
perimentally the  strength  of  rolled  beams  and  shape  irons,  for 
which  we  are  now  dependent  almost  entirely  upon  theoretical  for- 
mulas. 

Although  the  board  had  ceased  to  exist,  the  machine  remained 
the  property  of  the  United  States.  It  is  located  in  the  Watertown 
Arsenal  near  Boston,  under  the  immediate  charge  of  the  Ordnance 
Department  of  the  army,  and  is  nominally  at  the  service  of  en- 
gineei's  and  others  who  may  be  able  to  defray  the  necessarily  heavy 
expense  of  working  it  for  their  own  private  benefit.  So  much  for 
what  has  already  been  accomplished.  Should  the  efforts  now  being 
made  to  revive  interest  in  the  subject  prove  successful,  the  field  for 
investigation  will  be  found  to  be  most  fruitful  of  results.  To  men- 
tion a  few  instances  only  :  In  the  department  of  bridges  there  were 
required  for  last  year's  construction  not  less  than  80,000  tons  of  iron 
and  steel,  representing,  say,  50  miles  of  bridges,  over  which  the  safety 
of  life  and  limb  is  supposed  to  be  assured  by  the  accuracy  of  the 
calculations  of  the  designer,  no  less  than  the  quality  of  the  material 
emploved.  Of  this  material  upwards  of  35  per  cent,  is  in  the  form 
of  compound  sections  specially  adapted  to  resist  compressive  strains; 
and  yet  until  quite  recently  all  the  experimental  data  upon  which 
such  sections  are  designed  were  obtained  through  the  instrumentality 
of  testing-machines  which,  particularly  at  high  pressure,  are  liable 
to  give  erroneous  results. 

Quoting  from  Mr.  Holley's  paper  on  the  United  States  Testing- 
machine  at  Watertown,*  alluding  to  C.  E.  Emery's  device  for  over- 
coming packing  friction  : 

"  It  is  certainly  worth  many  times  its  cost  in  proving  the  worth- 
lessness  of  hydraulic  testing-machines  as  heretofore  constructed. 
The  readings  of  the  permanent  weighing  apparatus  as  compared 
with  those  of  the  cylinder  gauge  when  the  piston  was  not  revolving, 
showed  in  some  cases  an  error  of  40  per  cent." 

*  Transactions  American  Institute  of  Mining  Engineers,  vol.  vii,  page  259. 
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It  is  safe  to  say  that  the  recent  fall  of  one  of  the  most  important 
bri(lg;es  in  the  country  would  not  have  occurred,  if,  at  the  time  of 
its  construction,  the  engineer  could  have  tested  full-sized  sections  of 
his  material  on  such  a  machine  as  the  government  now  owns  at 
Watertown  Arsenal. 

The  tension  members  of  bridges  are  in  the  form  of  eycbars  vary- 
ing in  sectional  area  from  one  inch  to  twenty  inches.  Until  quite 
recently  it  was  assumed  that  the  same  strain  per  square  inch  [uight  be 
applied  indiscriminately  without  regard  to  the  size  of  the  members, 
or  to  the  amount  of  work  done  upon  the  material  in  the  rolls;  but 
the  few  bars  which  have  already  been  tested  at  Watertown  clearly 
indicate  that  this  is  a  most  erroneous  assumption  ;  and  one  of  the 
first  duties  of  a  testing  board  would  be  to  establish  the  law  govern- 
ing the  diminution  of  strength  due  to  increased  section,  and  to  estab- 
lish the  relation  between  ductility  and  ultimate  strength.  Then 
would  follow  tests  to  determine  proper  form  of  head,  and  such  other 
details  of  manufacture  as  might  suggest  themselves. 

Of  rolled  bean)s  there  were  produced  last  year  upwards  of  50,000 
tons.  This  form  of  product  is  used  chiefly  in  fl[oors  of  buildings, 
often  to  sustain  great  weight,  as  in  warehouses,  and  somewhat  also 
as  stringers  in  bridges.  Their  strength  is  estimated  by  theoretical 
formulas  in  which  the  physical  constants  are  taken  from  experiments 
upon  foreign  irons  tested  under  circumstances  entirely  different  from 
what  are  obtained  in  actual  practice.  Fortunately  lor  the  cause  of 
safety  in  the  use  of  such  materials  it  is  probable  that  the  formulas 
in  question  do  not  represent  the  full  strength,  and  that  a  consider- 
able amount  of  unnecessary  weight  is  loaded  upon  our  structures  in 
consequence;  but  there  is  all  the  more  reason  why  the  actual  strength 
should  be  determined  by  experiment,  in  order  that  a  uniform  factor 
of  safety  may  apply  to  every  member  of  a  structure,  or  in  other 
words,  that  it  shall  be  equally  strong  in  all  its  parts. 

Did  time  i)crmit,  it  would  be  possible  to  point  out  many  other 
directions  in  which  ex[)crimcntal  knowledge  is  sadly  needed,  but  if 
nothing  else  were  done  than  to  determine  practically  the  laws  which 
govern  the  strength  of  compression  and  tension  members  of  bridges, 
and  the  flexure  of  rolled  beams,  a  very  great  advance  would  be  made 
in  our  modes  of  construction,  and  a  greater  safety  would  be  assured 
to  the  hundreds  of  thousands  of  people  who  are  constantly  trusting 
their  lives  upon  such  structures. 

What  has  been  said  regarding  the  importance  of  testing  partic- 
ular constructions  applies  equally  to  iron  and  to  steel;  but  there  are 
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special  reasons  for  investigating  the  properties  of  steel  which  should 
command  attention.  It  is  admitted  to  be  the  metal  of  the  future, 
for  large  constructions  at  least;  it  is  stronger  and  more  homogeneous 
than  the  best  iron,  and  owing  to  the  substitution  of  mechanical  ap- 
pliances for  wasteful  muscular  effort  in  its  manufacture,  there  will 
come  a  time,  and  that  before  very  long,  when  it  can  be  furnished 
commercially  at  less  cost  than  iron,  in  large  quantities  and  of  uni- 
form quality.  It  only  remains  now  to  determine  by  a  competent 
and  disinterested  authority  what  the  general  characteristics  of  this 
material  are,  to  insure  for  it  a  continually  increasing  demand. 

At  present  the  finished  product  of  the  converter  is  principally  in 
the  form  of  steel  rails.  It  so  happens  that  the  best  testing-machine 
for  a  steel  rail  is  the  track,  and  railroad  companies,  by  careful  in- 
spection, taken  in  connection  with  chemical  analysis,  are  thus  experi- 
mentally determining  the  quality  of  steel  which  answers  best  for  that 
particular  purpose. 

For  other  constructions,  such  as  bridge  and  ship  work,  very  dif- 
ferent qualities  of  steel  are  required,  depending  on  the  nature  and 
direction  of  the  forces  to  which  it  is  subjected;  and  until  all  such 
questions  are  determined  by  competent  and  disinterested  investiga- 
tors, the  benefits  to  be  derived  from  the  cheap  production  of  steel  by 
the  pneumatic  or  open-hearth  processes,' will  for  a  long  time  be  con- 
fined to  the  favored  few  who  are  engaged  in  supplying  the  demand 
for  steel  rails. 

It  is  hoped  that  enough  has  been  said  to  establish  the  fact  that  a 
producing  class  of  the  community  stands  in  want  to-day  of  certain 
scientific  information,  which,  if  obtained  promptly  and  in  a  manner 
to  command  universal  acceptance,  would  tend  to  improve  and  en- 
large one  of  the  staple  industries  of  the  country.  From  the  nature 
of  the  case  such  information  can  best  be  obtained  by  the  assistance 
of  the  General  Government.  Shall  the  effort  be  made  to  secure  such 
assistance  ? 

It  may  be  asked,  why  should  the  United  States  Government  ap- 
propriate money  for  the  purpose  of  making  experimental  investiga- 
tions which  might  as  well  be  undertaken  by  those  who  are  imme- 
diately interested?  In  reply  to  this,  the  following  quotation  from 
the  memorial  recently  presented  to  Congress  by  the  American  So- 
ciety of  Civil  Engineers  will  commend  itself: 

"And  your  memorialists  further  represent  that  there  is  no  pros- 
pect that  the  necessary  tests  will  be  made  without  the  aid  of  govern- 
ment.    Should    private   manufacturers    or  builders  test   their  own 
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materials  they  might  not  give  the  public  tlie  benefit  of  their  experi- 
ments; such  experiments  would  not  have  that  assurance  or  impar- 
tiality and  that  high  autliority  which  those  made  under  the  authority 
of  the  government  would  have.  Experiments  conducted  by  private 
parties  would  be  so  different  in  the  objects,  methods,  and  circum- 
stances of  applying  tests  as  to  render  it  impossible  to  properly 
collate  and  verify  them  ;  they  would  therefore  be  of  comparatively 
little  value  in  ascertaining  accurate  general  results." 

I  am  aware  that  it  is  often  a  difficult  matter  for  legislators  to 
draw  the  line  between  pubh'c  and  private  interests,  and  that  in  the 
multiplicity  of  claims  made  upon  them  they  must  be  expected  to 
look  doubtingly  upon  anything  that  calls  for  money  ;  but  it  would 
seem  that  where  such  enormous  revenues  are  derived  by  the  country 
from  the  effort  to  secure  the  exclusive  consumption  of  American 
manufactures  of  iron  and  steel,  it  woiild  be  asking  no  more  than 
justice  for  the  users  of  these  materials  that  the  government  should 
lend  substantial  aid  in  determinino-  their  general  characteristics. 

Again,  the  government  of  tlie  United  States  is  in  possession  of  a 
most  important  element  in  the  problem,  the  testing-machine  already 
referred  to  ;  it  represents  a  very  considerable  expenditure  in  money 
and  years  of  patient  labor,  which,  it  is  safe  to  say,  would  never  have 
been  expended  had  there  not  been  a  well-grounded  hope  that  an 
amount  of  knowledge  would  be  obtained  through  its  instrumentality 
which  would  contribute  largely  to  the  general  good. 

In  its  present  shape  this  machine  is  utterly  unable  to  meet  the 
wants  of  even  such  private  demands  as  are  made  upon  it.  I  am  in- 
formed by  an  engineer  now  engaged  in  the  construction  of  one  of  the 
most  important  bridges  in  the  country,  that  he  recently  sent  to 
Watertown  nine  steel  eyebars  to  be  tested,  and  it  required  seven  and 
a  half  days  to  make  the  tests,  while  the  cost  to  his  company  was  at 
the  rate  of  $15  for  each  bar.  This  is  admitted  to  be  due  to  the  fact 
that  there  are  no  means  at  the  disposal  of  the  department  where- 
with to  engage  an  efficient  permanent  staff  of  assistants  to  handle  the 
specimens  promptly,  and  tiie  result  is  that  a  most  valuable  instru- 
ment for  scientific  research  is  allowed  to  remain  in  comparative  idle- 
ness for  the  want  of  a  few  thousand  dollars. 

As  to  the  most  effectual  means  of  expending  government  aid  in 
the  direction  sought,  there  may  be  difference  of  opinion,  but  all  are 
agreed  as  to  the  necessity  of  obtaining  results  which  may  be  ac- 
cej)tcd  as  authority  alike  by  manufacturers,  builders,  and  engineers. 
This  could  be  accomplished  either  by  the  appointment  of  a  special 
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committee,  similar  to  the  one  created  under  the  law  of  March  4th, 
1875,  with  an  adequate  appropriation  to  purchase  materials  and  make 
a  comprehensive  series  of  tests;  or  failing  in  this,  a  moderate  sum 
of  money  might  be  placed  at  the  disposal  of  such  an  institution  as 
the  one  under  whose  auspices  we  are  now  assembled,  to  be  expended 
in  testing  such  constructions  as  would  be  furnished  from  time  to  time 
by  engineers  and  others  in  their  regular  practice,  with  the  under- 
standing that  all  information  thus  obtained  should  become  public 
property  by  regular  publication  in  the  Transactions  of  this  and  kin- 
dred societies.  Could  we  feel  assured  of  the  permanence  of  a  special 
commission,  the  members  of  which  could  devote  the  necessary  time 
to  the  work,  this  wouKl  doubtless  be  the  most  satisfactory  to  a  large 
majority  of  those  interested. 

There  are  uncertainties,  however,  connected  with  all  such  special 
legislation  in  a  government  constituted  as  ours  is,  that  should  be 
carefully  considered  in  this  connection  lest  we  should  be  compelled 
to  undergo  a  similar  experience  to  that  which  befell  the  previous 
board,  which,  from  no  fault  of  its  own,  was  brought  to  an  untimely 
end  after  having  perfected  the  means  by  which,  for  the  first  time, 
really  accurate  testing  could  be  done  in  this  country. 

It  is  to  be  hoped  that  eventually  a  Department  of  Public  Works 
will  be  instituted,  having  co-ordinate  power  with  other  departments, 
as  of  the  Interior,  for  example,  to  which  all  questions  relating  to 
the  expenditure  of  public  money,  either  for  internal  improvements 
or  for  scientific  investigations  connected  therewith,  may  be  referred, 
and  through  which  the  interests  of  the  producing  classes,  including 
engineers,  builders,  and  manufacturers,  may  receive  that  special  con- 
sideration which  their  importauce  demands. 

Whatever  method  may  be  adopted  will  be  liable  to  defects  as  a 
matter  of  course.  We  must  be  content  to  go  slowly  and  surely,  to 
be  patient  and  judicious  in  advocating  our  claims,  and  above  all  to 
bear  in  mind  that  if  our  cause  is  a  good  one,  as  we  believe  it  to  be, 
and  we  do  not  succeed  in  impressing  its  importance  upon  Congress, 
it  will,  in  all  probability,  be  our  own  fault. 

Remarks  of  General  Meigs. 

I  do  not  know  that  I  can  do  any  more  than  to  express  my  entire 
concurrence  in  the  views  which  have  been  already  expressed  by 
Mr.  Macdonald.  It  appears  to  me  that  he  has  gone  over  the 
whole  subject.     I  might  add  in  regard  to  appealing  to  the  Govern- 
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ment  for  an  appropriation,  that  the  Government  itself  is  the  hirgest 
single  user  of  these  materials;  the  railroads  together  use  more,  but 
there  is  no  single  organization  which  uses  so  much.  Congress  ap- 
propriates the  money  with  which  are  erected  the  large  government 
structures  that  are  found  now  in  almost  every  city.  It  is  stated*  in  the 
public  press  that  it  is  contemplating  the  erection  of  a  hundred  new 
government  buildings  in  a  hundred  cities  this  year.  In  all  these 
buildings  the  floors  are  supported  upon  rolled  iron  beams,  and  the 
principal  materials  used  for  roofs  are  iron.  These  buildings  are  all 
dependent  for  their  cost  upon  the  size  of  their  dominant  members, 
and,  as  a  consequence,  upon  the  factor  of  safety  which  the  engineer 
allows;  so  that  as  long  as  there  is  uncertainty  as  to  the  proper  co- 
efficient of  safety,  perhaps  from  two  to  five  times  as  much  metal  as 
is  actually  necessary  may  be  put  into  these  members.  There  are 
other  materials  used  in  buildings, — brick,  stone,  marble,  timber, — 
but  these  materials  we  buy  by  the  cubic  yard  or  cubic  foot,  they  are 
comparatively  inexpensive;  metal  we  buy  by  the  pound,  and  at  this 
time  we  pay  pretty  high  prices  for  the  pound;  so  that  if  we  can  re- 
duce our  general  coefficient  of  safety,  we  save  perhaps  one-half  to 
two-thirds  of  the  actual  cost  of  the  material  used.  Con";ress  sits 
under  a  roof  of  iron,  its  building  is  crowned  by  an  iron  dome;  it  is 
about  building  a  new  navy  and  is  considering  whether  it  shall  be  of 
steel  or  of  iron,  and  the  result  will  depend  upon  the  comparative  qual- 
ities of  steel  and  iron.  I  see  it  stated  by  a  gentleman,  eminent  in 
the  actual  practice  of  steel  making,  that  his  company  is  prepared 
now  to  furnish  steel  which  shall  be  guaranteed  a  tensile  strength  of 
60,000  pounds  to  the  square  inch,  with  30  per  cent,  elongation.  One 
can  hardly  imagine  a  more  admirable  metal. 

Therefore  I  think  that  this  society  can  with  a  good  heart  go  to 
Congress,  and  if  tlicy  can  only  convince  some  of  its  leading  members 
of  the  necessity  of  more  knowledge  on  this  subject,  it  appears  to  me 
they  must  meet  with  success. 

Remarks  of  Captain  Lyle. 

I  was  very  ranch  interested  in  Mr.  Macdonald's  paper,  and  I  can  sav 
that  there  is  nothing  in  it  to  which  I  cannot  heartily  subscribe.  In 
speaking  of  the  want  of  knowledge  that  has  existed,  and  still  exists, 
among  engineers  in  regard  to  structural  materials,  their  strength, 
etc.,  my  own  ex[)erienec  has  taught  me  to  doubt  the  reliability  of  the 
ordinary  testing  machines. 
VOL.  X.— 24 
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In  one  ca>e  I  tested  a  piece  of  metal  for  gun-barrels,  using  very 
small  specimens,  which  gave  a  tensile  strength  of  over  65,000  pounds 
to  the  square  inch,  and  yet  the  barrel  burst  at  a  much  lower  pres- 
sure. In  another  case  a  barrel  burst  in  service- firing  with  a  pressure 
of  from  25,000  to  27,000  pounds  per  square  inch,  as  indicated  by  the 
Rodman  pressure-gauge.  I  took  a  piece  that  was  blown  out,  turned 
down  the  specimen,  tested  it,  and  it  gave  88,794  pounds  tensile 
strength  ;  yet  the  barrel  had  burst  when  subjected  to  not  over  27,000 
pounds  pressure  to  the  square  inch.  These  resujts  made  me  hesitate 
ai)out  accepting  any  results  from  a  testing  machine  of  that  size. 
Further  experience  in  testing  metals  have  tended  to  convince  me  of 
the  inaccuracy  of  small  testing- machines. 

As  to  the  machine  at  Watertown  Arsenal,  I  know  that  there  is 
such  a  machine,  that  is,  I  have  seen  it.  I  believe  the  original  board 
(U.  S.  Board  to  Test  Iron  and  Steel)  published  some  of  the  results  ob- 
tained with  that  machine.  They  got  out  a  report,  and  of  that  report 
I  know  not  how  many  copies  were  printed,  nor  how  many  were  re- 
ceived by  the  engineers  of  this  country.  I  could  not  get  one,  though 
I  tried  for  some  time.  I  have  no  doubt  that  you  will  find  that  the 
men  who  were  most  interested  never  received  them. 

I  had  the  curiosity  to  go,  to-day,  to  the  Ordnance  Office  in  order 
to  learn  what  the  machine  was  doing.  I  have  now  in  my  hand  an 
official  copy  of  a  letter  written  by  the  commanding  ofBcer  of  Water- 
town  Arsenal  to  the  Chief  of  Ordnance,  in  answer  to  certain  inquiries 
as  to  the  capacity  of  the  testing-machine  at  that  point.  I  did  not 
see  the  letter  of  inquiry,  but  understand  that  this  letter  gives  short 
and  categorical  replies  to  the  questions  asked  by  the  Chief  of  Ordnance. 

The  letter  reads  as  follows  : 

Watertown  Arsknal,  February  13th,  1882. 
The  Chief  of  Ordxaxce. 

Sir:  1  have  the  honor  to  reply  to  your  interrogatories  of  the  lOlh  inst.,  as 
follows  : 

1st.  The  greatest  number  of  tests  made  in  a  day  of  8J  hours  is  seventy  (70). 
The  least  number  is  one-half  of  a  test. 

2d.  The  cost  charged  to  private  parties  for  tests  is  determined  by  the  time  taken 
to  make  them. 

3d.  The  machine  is  in  constant  use  when  Mr.  Howard  is  not  otherwise  engaged 
in  making  out  reports  of  tests  made  for  private  parties. 
4th.  The  cost  of  running  the  machine  is  $18.00  per  daj'. 

KespectfuUy,  your  obedient  servant, 
[Signed]  T.  T.  S.  Laidley, 

Colonel  of  Ordnance  Commanding. 

Under  the  present  arrangement,  from  lack  of  funds  and  sufficient 
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force  to  operate  the  machine,  it  is  manifest  that  the  Watertown  instru- 
ment cannot  be  depended  upon  to  furnish  the  data  of  wliich  it  is 
capable.  It  does  not  supply  the  information  needed  by  the  engineers 
of  the  country  at  large. 

The  act  of  Congress,  approved  February  24th,  1881,  appropriated 
$10,000  for  "preserving,  using,  and  operating  the  United  States 
testing-machine  at  the  Watertown  Arsenal  ;  provided,  that  the  tests 
of  iron  and  steel,  and  other  materials  for  industrial  purposes,  shall 
be  continued  during  the  next  fiscal  year,  and  report  thereof  shall  be 
made  to  Congress."  The  fiscal  year  referred  to  ends  June  30th, 
1882.  The  reports  made  must  be  submitted  to  Congress  at  its  next 
session,  before  they  can  be  printed.  The  red  tape  involved  in  the 
process  of  getting  the  reports  printed  causes  great  delay  in  their 
appearance.  The  only  way  to  have  them  promptly  is  to  issue  bul- 
letins from  time  to  time;  these  bulletins  to  contain  merely  abstracts 
of  the  work  done  and  the  results  obtained. 

Special  care  should  be  taken  to  record  a\\  failures  in  experimental 
tests,  as  it  is  the  failures  rather  than  the  successes  that  are  most 
instructive. 

It  seems  to  me  that  the  location  of  the  machine  is  singularly  un- 
fortunate, being  in  an  out  of  the  way  place,  inaccessible  except  by 
local  trains,  and  so  far  from  the  great  centres  of  iron  and  steel  manu- 
facture. Governor's  Island,  New  York  harbor,  has  been  suggested, 
but  that  is  open  to  objection  on  the  ground  of  inaccessibility.  Frank- 
ford  Arsenal,  Philadelphia,  has  also  been  mentioned,  but  that  is 
rather  far  from  the  great  central  railroad  depots.  My  own  prefer- 
ence would  be  for  New  York  city  as  a  location,  but  that  would 
involve  a  considerable  expenditure  of  money  for  the  purchase  or  rent 
of  a  suitable  building,  and  the  introduction  of  power  for  its  manipu- 
lation. Again,  the  risk  of  injury  by  fire  is  much  greater  in  a  city 
than  at  some  one  of  the  arsenals.  The  risk  and  difficulty  of  trans- 
portation should  not  be  overlooked. 

But  wherever  the  machine  may  be  located,  an  active  young  man 
should  be  placed  in  direct  charge  for  the  sole  purpose  of  operating 
it  under  the  direction  of  a  competent  board.  The  idea  of  individual 
ownership  of  the  instrument  should  be  discouraged,  and  the  person 
in  charge  should  appreciate  the  fact  that  the  machine  is  designed  for 
the  benefit  of  the  government  and  the  engineering  interests  of  the 
entire  country. 

It  is  my  oj)inion  that  a  commission  or  board  of  specialists  should 
be  created  to  project  and  carry  out  tests   with   the  machine.     The 
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board  should  not  be  too  large,  else  diversity  of  opinion  will  paralyze 
its  efforts.  The  board  should  be  subdivided  into  committees,  whose 
members  are  experts  or  specialists  in  their  own  lines.  There  would 
be  great  necessity  for  this  subdivision  of  the  work.  The  board 
should  be  attached  to  one  of  the  executive  departments  of  the  govern- 
ment, no  matter  which  one,  so  as  to  have  a  recognized  head,  in  order 
to  leave  its  members  untrammelled  by  the  clerical  labor  incident  to 
disbursements  and  accounts. 

I  think  army  officers  am  ready  and  willing  to  work  in  unison  with 
manufacturers  and  engineers  for  the  success  of  this  great  work.  It 
has  alwavs  been  my  own  desire  and  practice  to  give  the  best  in- 
formation in  my  possession  on  any  point  to  those  who  desired  it, 
no  matter  whether  civilian  or  soldier,  American  or  foreigner.  Al- 
thouglj  there  may  be  a  few  obstructers  in  the  army,  as  elsewhere,  I 
think  I  am  justified  in  saying  that  the  army  is  willing  to  aid  in  this 
work.  I  feel  assured  that  the  Chief  of  Ordnance  will  lend  all  the 
assistance  in  his  power,  consistent  with  his  duty  as  the  head  of  a 
great  executive  bureau  of  the  government. 

Eemarks  of  Mr.  E.  D,  Leayitt,  Jr. 

I  DESIRE  to  state  briefly  my  views  respecting  the  great  practical 
value  of  the  Watertown  testing-machine,  and  the  necessity  that 
exists  for  an  able  permanent  commission  to  supervise  its  operations, 
in  order  that  the  results  of  all  tests  made  thereon  may  be  properly 
worked  out  and  rendered  available  for  public  use. 

It  is  doubtless  known  to  the  Institute  that  this  machine  has,  for 
the  past  two  years,  been  placed  at  the  service  of  the  public  upon 
pavraent  of  a  per  diem  charge.  It  was  my  privilege  to  be  among 
the  first  to  use  the  testing-machine,  and  the  results  of  my  first  ex- 
periments were  of  such  importance,  owing  to  the  great  capacity  and 
extreme  accuracy  of  the  machine,  that  it  has  since  become  my  prac- 
tice to  have  tests  of  all  materials  used  in  constructions  that  came 
under  my  charge,  made  at  Watertown. 

As  a  consequence,  nearly  one  hundred  tests  have  been  made  on 
rav  account  directly,  and  some  two  hundred  and  forty  additional  for 
work  built  from  my  designs.  It  may  be  confidently  affirmed,  that 
the  factor  of  anxiety  on  all  these  structures  is  exceedingly  small  as 
far  as  the  quality  of  material  is  concerned,  and  it  is  undoubtedly 
a  very  great  advantage  for  parties  interested  in  construction  to  have 
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any  tests  that  come  within  its  scope  made  on  the  Watertown  machine. 
The  engineering  professions,  and  through  them  the  general  public, 
do  not  reap  the  advantages  that  they  ought,  when  it  is  considered 
that  the  machine  is  public  property. 

It  may  be  asked,  why  do  not  those  who  liave  made  use  of  the 
machine  make  public  the  results  of  the  tests  that  have  come  under 
their  notice?  To  this  the  reply  must  be,  that  the  interests  of 
clients  are  generally  paramount  to  the  interests  of  science,  leaving  no 
time  for  properly  working  up  the  data  for  publication.  It  is  also 
natural  that  special  information  bougiit  and  paid  for,  should  be  con- 
sidered personal  property.  Engineers  are  almost  invariably  very 
busy  men,  and  rarely,  very  rarely,  is  there  found  one  among  us, 
who,  like  our  lamented  Holley,  has  apparently  time  and  capacity  for 
all  things. 

My  advantages  have  been  exceptional,  from  the  fact  that  my 
residence  is  but  a  short  distance  from  the  Watertown  Arsenal, 
thus  affording  the  o))portunity  of  being  personally  present  during 
tests,  with  very  little  loss  of  time.  Such  privileges  can  be  enjoyed 
by  very  few  of  the  profession  without  serious  inconvenience.  The 
machine  is  operated  in  a  first-class  manner  by  those  at  present  in 
charge,  but  with  the  rapidly-increasing  demand  for  tests,  a  larger 
force  of  experts  is  absolutely  necessary,  all  of  whom  should  be  of 
such  reputation  as  to  command  the  confidence  of  the  profession  and 
the  public. 

There  seem  to  be  certain  men  who,  like  Regnault  and  Tyndall, 
are  born  experimenters;  and  such  men  are  needed  for  the  permanent 
commission,  in  order  that  the  full  advantages  of  the  great  testing- 
machine  be  realized. 

Our  knowledge  regarding  the  strength  and  behavior  of  materials 
under  strain  is  yet  very  limited.  The  best  and  most  experienced  con- 
structors admit  and  lament  this.  In  these  days  of  high  speed  by  rail- 
ways and  steamships,  of  long-sj)an  bridges,  and  deep  mines,  engineers 
must  know  what  materials  will  safely  endure;  life  depends  upon  it, 
and  every  means  available  for  increasing  and  disseminating  infbr- 
maticn  on  a  subject  which  is  of  such  vital  consequence  to  all  should 
be  provided. 

I  freely  acknowledge  that  I  have  learned  more  about  structural 
materials  through  the  tests  made  at  Watertown  during  the  last  two 
years,  than  in  twenty-five  years'  previous  experience.  At  the  same 
time,  I  am  aware  that  I  have  by  no  means  secured  all  the  advantages 
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to  be  obtained  from  the  data  in  my  possession,  or  tliat  might  readily 
be  secured  by  a  commission  of  experts  specially  devoted  to  the  duty, 
with  ample  time  for  observation,  and  provided  with  the  best-known 
appliances  for  making  experiments. 

Eemarks  of  Mr.  T.  C.  Clarke. 

The  history  of  iron  construction  in  this  country  well  illustrates 
the  three  phases  of  thought  described  by  Auguste  Comte,  the  French 
philosopher. 

The  first  is  the  era  of  faith,  when  belief  in  the  safety  of  structures 
rests  on  the  authority  of  the  designer.  The  second  is  the  era  of 
criticism,  when  plans  of  structures  are  analyzed  with  much  mathe- 
matical skill,  but  the  data  upon  which  the  chain  of  reasoning  depends 
is  assumed  upon  insufficient  experiment.  The  third,  upon  which  we 
are  now  entering,  is  a  scientific  era,  which  demands  experimental  proof. 
It  also  demands  that  this  proof  shall  be  derived  from  exj)eriments 
made  on  full-sized  specimens,  such  as  are  in  actual  use,  and  not  upon 
toy  models. 

Until  the  construction  of  the  United  States  testing-machine,  now  at 
Watertown  Arsenal,  it  was  impossible  to  make  such  experiments  with 
accuracy.  We  now  have  a  machine  in  which  we  can  test  full-sized 
specimens  of  every  part  of  a  bridge  or  other  structure  that  we  want 
to  use,  and  under  the  same  conditions  in  which  it  is  actually  used. 
The  next  thing  is  to  get  money  to  make  these  experiments  available. 
No  private  individuals  can  affisrd  to  do  it,  and  even  if  they  could, 
they  might  wish  to  keep  the  results  to-  themselves.  So  that  the 
next  point  is  that  we  want  money,  and  that,  I  believe,  everybody 
thinks  we  should  ask  Congress  for.  We  want  also,  as  has  been 
said,  some  one  who  shall  make  a  business  of  testing,  and  who  has 
plenty  of  time.  Persons  who  are  employed  in  private  business  are 
too  much  in  a  hurry;  ihey  want  to  do  a  thing  and  get  done  with  it, 
and  then  do  something  else  ;  but  government  officers  are  entirely  free 
from  this  feeling;  time  to  them  is  of  no  account,  and  in  experiment- 
ing that  is  the  very  element  that  is  of  value;  it  does  not  do  to  be 
hurried;  the  great  thing  is  to  get  it  right  and  to  test  your  result", 
and  go  over  it,  again  and  again.  And  the  experimenter  who  operates 
the  machine  must  be  some  person  educated  up  to  the  use  of  it.  We 
then  want  a  general  advisory  board  who  will  indicate  a  plan  of  ex- 
periments, collect  the  results,  and  ))ublish  them.  Some  experiments 
were  made  the  other  day  at  the  Watertown  Arsenal  upon  full-sized 
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Phoenix  columns.  Any  one  can  see  at  once  that  these  are  very  valu- 
able experiments,  because  we  have  certain  columns  all  of  the  same 
quality  of  metal,  the  same  workmanship,  and  the  same  cross-sections, 
and  differino'  only  in  length.  As  far  as  these  columns  are  concerned 
this  would  be  all,  but  it  would  then  suggest  itself  that  we  make  ex- 
periments with  the  same  columns  alike  in  other  respects  but  with 
different  cross-sections,  and  then  test  them  made  of  steel,  and  so  on. 
The  engineer  is  often  asked,  why  don't  you  use  steel?  We  can't 
expect  to  know  anything  about  it  at  all  until  experiments  are  made  in 
the  way  that  I  have  indicated  in  some  such  machine  as  this.  I  venture 
to  say  that  Messrs.  Fowler  &  Baker,  who  expect  to  build  the  great 
bridge  over  the  Firth  of  Forth,  in  Scotland,  cannot  find  out  any- 
thing about  the  strength  of  the  parts  of  their  structure,  unless  they 
have  a  machine  equal  to  our  government  machine.  Then,  the  last 
thing  of  all,  after  having  made  the  experiments,  they  ought  to  be  pub- 
lished monthly  and  sold  in  all  book-stores.  Then  every  engineer 
could  get  a  report,  and  would  have  questions  to  ask  and  suggestions  to 
make,  and  would  at  once  write  to  the  board  and  give  them  the  benefit 
of  his  thoughts.  These  suggestions  would  be  one  of  the  most  valu- 
able results  of  prompt  publication. 

Remarks  of  Mr.  O.  Chanute. 

In  discussion  of  Mr.  Macdonald's  paper,  I  can  say  little  more 
than  to  add  to  the  general  acknowledgments  of  ignorance,  and  like 
several  of  the  gentlemen  who  have  preceded  me,  make  one  of  those 
confessions  which  are  thought  to  be  good  for  the  soul. 

Having  had  some  exj)erience  in  the  erection  of  bridges  during 
past  years,  I  am  aware  that  we  yet  need  much  information  in  order 
to  proportion  them  to  the  best  advantage. 

I  would  more  especially  like  to  emphasize  three  of  the  points 
mentioned  by  Mr.  Macilonald,  as  among  those  upon  which  we  lack 
knowledge;  these  are:  first,  the  behavior  of  steel;  second,  the  pro- 
portions of  compression  members;  and,  third,  the  infiuence  of  the 
size  of  a  bar  upon  its  stiength  per  square  inch. 

First,  as  to  steel.  While  we  all  acknowledge  this  as  the  material 
of  the  future,  our  position  may  be  said  to  be  still  one  of  expectancy. 
Few  engineers  are  bold  enough  to  employ  it  largely  in  bridges,  and 
those  who  do,  find  such  serious  difficulties  in  obtaining  uniform 
grades  of  it,  are  so  puzzled  by  apparent  anomalies  and  unexpected 
[)luMiomena,  that  it  re(juires  considerable  faith  and  courage  to  a|)|)ly 
it  in  large  structural   masses.     A  series  of  systematic  experiments, 
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such  as  have  been  partially  made  by  various  European  nations  in 
their  government  shipyards  and  elsewhere,  by  which  we  should  be 
enabled  to  connect  the  inflnence  of  the  chemistry  of  steel  and  of  the 
process  of  its  manufacture,  Avith  results  of  the  various  modes  of 
working  the  product  into  its  final  shape,  would  doubtless  add  so 
largely  to  our  knowledge  of  modern  structural  steel,  as  to  make 
reasonably  clear  much  that  we  now  only  suspect,  and  give  us  the 
necessary  knowledge  and  confidence  to  avail  ourselves  of  the  in- 
creased strength  and  economy  which  this  metal  promises.  At  pres- 
ent we  know  that  the  strength  exists,  but  we  also  know  that  steel  is 
brittle  under  many  conditions  ;  and  where  human  lives  are  at  stake, 
where  failure  would  involve  such  disastrous  consequences,  we  dare 
not  avail  ourselves  of  the  strength  of  that  metal,  unless  reasonably 
sure  that  it  will  not  break. 

Second,  as  to  compression  members  of  structures.  They  are  now 
proportioned  upon  formulas  which  were  framed  many  years  ago 
in  England,  and  which  were  based  upon  very  few  experiments,  some 
thirty  in  number,  if  I  recollect  rightly.  JS^ot  only  were  those  ex- 
periments tried  upon  pieces  materially  smaller,  and  of  different 
shape  from  those  which  we  now  generally  use,  but  they  were  made 
with  English  irons,  which  are  found  to  differ  in  some  respects  from 
the  characteristics  of  American  irons.  We  have  accordingly  made 
some  changes  in  the  constant  numerical  factors  of  the  formulas,  to 
attempt  to  adapt  them  to  our  use,  but  we  now  find  from  the  experi- 
ments recently  made  at  Watertown  with  the  government  machine, 
for  Messrs.  Clarke,  Reeves  &  Co.,  that  even  the  modified  formulas 
are  erroneous,  and  do  not  agree  with  the  actual  condition  of  affairs. 
In  fact  there  is  great  uncertainty  as  to  the  actual  strength  of  the 
bridges  which  we  are  daily  erecting.  Their  strength  is  of  course 
limited  by  that  of  the  weakest  part,  but  while  we  endeavor  to  make 
every  part  equally  strong,  as  well  as  we  know  how,  yet  we  are 
almost  entirely  ignorant  as  to  what  is  actually  the  weakest  part  of  a 
bridge  of  any  magnitude,  and  of  just  where  it  would  give  way  first, 
if  loaded  to  rupture. 

While  no  man  knows  exactly  what  weight  will  crush  flat  say  a 
4-inch  cube  of  wrought  iron  ;  we  do  know  that  it  begins  to  yield, 
without  recovering  its  shape,  at  pressures  of  some  36,000  to  40,000 
pounds  to  the  square  inch.  Accordingly  with  the  aid  of  the  for- 
mulas I  have  mentioned,  we  proportion  compression  members  for  an 
assumed  crij)pling-point  varying  from  say  35,000  pounds  to  the 
square  inch    for  pieces  of  ten  diameters  in  length,  down  to  about 
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24,0(^0  pounds  to  tlie  square  inch  for  pieces  forty  diameters  in  length, 
and  nj)on  these  we  allow  strains  varying  from  7000  to  4800  pounds 
to  the  square  inch,  as  working  ('om|)ressive  loads;  while  in  tension 
we  allow  some  10,000  pounds  to  the  inch  on  iron,  with  a  breaking 
strength  of  46,000  to  50,000  pounds,  and  an  elastic  limit  of  26,000 
pounds  to  the  square  inch. 

Now  in  my  judgment,  the  cripj)ling-point  of  a  compression  piece 
corresponds  more  nearly  with  the  elastic  limit  in  tension,  than  with 
the  ultimate  or  breaking  strength.  The  probabilities  of  any  com- 
pression bridge  member  being  strained  up  to  the  crippling-point, 
are  nearly  as  remote  as  the  ])robabilities  of  a  tension  member  being 
strained  up  to  its  elastic  limit,  and  to  have  all  j)arts  equally  strong, 
should  experiments  justify  this  view,  we  should  base  our  assumed 
margin  of  strength  (you  will  note  that  I  do  not  use  the  term  *'  factor 
of  safety,"  as  I  think  it  misleading),  upon  the  cnpp^m^  strength  and 
the  elastic  limit  of  the  material.  As  for  myself,  I  believe  that  we 
are  now  making  our  compression  members  considerably  stronger 
than  the  tension  members;  that  if  we  were  to  break  down  a  bridge 
by  fair  loading,  granting  of  course  that  all  the  connections  should  be 
made  stronger  than  the  body  of  the  pieces  they  attach  together, 
rupture  would  probal)ly  first  take  place  in  one  of  the  tension  mem- 
bei'S.  But  then  while  so  believing,  I  do  not  know.  I  confess  my 
ignorance  upon  this  ])oint,  and  until  this  ignorance  is  removed,  I 
shall  go  on  specifying  for  proportioning  bridges  in  the  old  way,  and 
with  the  old  formulas. 

Third.  Not  only  is  there  great  uncertainty  concerning  the  actual 
strength  of  compression  members,  but  we  do  not  know  accurately 
the  strength  in  tension  of  full-sized  bars  worked  to  various  dimen- 
sions, and  with  a  different  amount  of  pulling  and  squeezing  in  the 
rolls. 

In  the  bridge  specification  of  the  New  York,  Lake  Erie,  and 
Western  Railroad,  we  require  that  full-sized  pieces  of  flat,  round, 
or  square  iron,  not  over  4}  inches  in  sectional  area,  shall  have  an 
ultimate  strength  of  50,000  pounds  per  square  inch,  and  stretch  12|^ 
per  cent,  in  their  whole  length,  while  for  bars  of  a  larger  sectional 
area  than  4|  inches,  wo  allow  a  reduction  of  1000  pounds  ])er  square 
inch,  for  each  additional  square  inch  of  section,  down  to  a  n)inimuin 
of  46,000  pounds  per  square  inch.  This  was  adopted  after  consul- 
tation with  various  manufacturers  of  iron,  who  had  large  ex p(>rience  ; 
but  the  dis('repancies  between  the  data  which  they  furnishctl,  and 
the  views  which  they  expressed  when  the  printer's  proofs  of  the  spe- 
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cifications  were  submitted  to  them,  showed  clearly  that  they  did  not 
agree  as  to  results,  and  that  they  too  were  in  need  of  further  experi- 
ments upon  full-sized  members  of  various  dimensions. 

In  the  government  machine  at  Watertown,  we  have  for  the  first 
time  in  this  country,  a  machine  adequate  to  obtain  correct  results 
upon  full-sized  members.  It  has  a  capacity  of  400  tons,  while 
former  machines  at  various  bridge  works  had  a  capacity  of  only 
150  tons,  and  could  not  be  trusted  to  work  accurately  to  even  100 
tons.  Tension  members,  being  composed  of  several  parallel  bars, 
could  be  tested  in  detail,  provided  the  dimensions  of  the  bars  did 
not  exceed  say  8  inches  by  1  inch,  but  compression  members,  with 
a  sectional  area  of  say  12  to  20  square  inches,  could  not  be  tested  at 
all,  and  resort  had  to  be  had  to  small  models,  which,  as  already  stated, 
are  not  found  to  give  the  same  results  as  full -sized  pieces. 

Tests  are  made  for  two  purposes;  first,  to  ascertain  the  best 
form'm  which  the  metal  can  be  j)laced  to  resist  the  strains;  and, 
second,  to  ascertain  the  quality  of  the  metal  itself  Upon  the  latter 
point  experiments  are  being  made  every  day  by  manufacturers, 
bridge  builders,  and  corporations  which  are  erecting  structures. 
Every  time  we  contract  for  a  bridge  we  test  many  specimens  of  the 
materials  which  go  into  it,  and  the  corporation  with  which  I  am 
connected,  has  tried  hundreds  of  experiments  upon  the  quality  of 
the  metals  it  has  used,  which  will  be  very  much  at  the  service  of  a 
testing  board,  should  one  be  appointed.  These  experiments  have 
been  carried  as  far  as  we  had  any  interest,  that  is  to  say,  to  the  point 
of  ascertaining  the  quality  of  the  metal  furnished;  but  we  have  pre- 
served many  of  the  specimens,  and  a  testing  board  could  ascertain 
the  chemical  constitution  of  each,  and,  perhaps,  be  enabled  to  con- 
nect the  various  behavior  of  the  specimens  with  their  chemical  char- 
acteristics and  the  process  of  their  manufacture. 

For  information  as  to  the  best  forms,  however,  we  must  rely  upon 
the  government  machine,  and  especially  upon  government  aid,  as  no 
single  firm  or  corporation  has  sufficient  interest  at  stake  to  warrant 
it  in  planning  and  paying  for  the  great  cost  of  a  systematic  series  of 
experiments,  to  ascertain  what  are  absolutely  the  best  shapes  into 
which  to  put  the  members  (chiefly  those  of  compression),  by  testing 
full-sized  pieces.  Moreover,  if  any  firm  or  corporation  were  to  be- 
come possessed  of  information  which  is  so  much  needed,  it  would 
probably  endeavor  to  give  it  commercial  value,  and  to  recoup  its 
expenses,  to  say  the  least,  by  keeping  such   inlbrmation  for  itself  as 
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long  as  it  could,  and  the  general  public  of  metal-users  would  remain 
in  its  present  ignorance. 

It  seems  to  me,  therefore,  that  the  General  Government  is  the 
proper  party  to  institute  and  carry  out  the  needed  experiments,  not 
so  much  because,  as  has  been  claimed,  the  materials  to  be  tested  are 
"American"  iron,  steel,  and  other  metals,  but  because  there  is  need 
of  general  information,  which  no  single  other  party  is  likely  to  ob- 
tain and  make  public.  The  government  has  the  machine,  it  has 
abundant  resources,  and  the  manufacturers  and  engineers  of  the 
country,  with  universal  good-will,  stand  ready  to  tender  theii'  aid 
and  technical  knowledge. 

Now  one  word  as  to  the  organization  of  the  inquiry  and  the  doing 
of  the  work.  There  should  be  some  general  plan  of  operations,  and 
this  would  probably  be  best  evolved  by  the  deliberations  of  a  com- 
mission, but  the  actual  work  will  be  chiefly  done,  as  I  think,  by  one 
man.  That  is  to  say  by  the  man  who  may  be  placed  in  general 
charge  of  the  experiments,  and  whose  duty  it  will  be  (to  draw  an 
analogy  from  industrial  organizations)  to  act  as  chief  executive 
officer,  or  superintendent  if  you  will,  and  to  plan  and  draw  deduc- 
tions from  the  various  needed  experiments.  The  commission,  if 
commission  there  be,  may  lay  out  the  general  plan,  but  it  must  have 
some  one  head  in  charge  of  the  actual  carrying  of  it  out. 

But  how  shall  we  secure  the  selection  of  the  very  best  man  to  put 
into  that  position?  He  may  be  appointed  in  many  ways.  He  may 
be  selected  by  the  President  of  the  United  States,  or  by  the  Secre- 
tary of  War,  or  by  the  Secretary  of  the  Navy,  or  by  the  head  of 
one  of  the  government  bureaus,  or  by  the  commission  which  has 
been  suggested,  and  which  would  thus  act  (to  refer  again  to  indus- 
trial organizations)  as  a  board  of  directors  or  trustees.  It  does  not 
in  my  judgment  make  much  difference  how  he  is  selected,  ])rovided 
we  get  the  right  man.  A  mistake  may  be  made  at  first,  and  changes 
may  have  to  be  made,  until  the  right  man,  a  man  like  Kirkaldy,  in 
England,  is  brought  forward,  who  shall  possess  the  necessary  technical 
skill,  the  executive  ability,  and  the  high  standard  of  accuracy  and 
thoroughness  to  conduct  the  experiments,  as  well  as  the  talent  to 
deduce  general  conclusions  from  them. 

Upon  the  whole,  I  believe  that  the  best. way  of  selecting  such  a 
man,  would  be  through  a  board  of  commissioners.  This  plan  has 
been  found  to  work  best  for  joint-stock  companies  carrying  on  large 
operations,  and  I  hope  that  Congress  will  organize  the  work  through 
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a  commission  as  prayed  for  iu  the  memorial  of  the  Society  of  Civil 
Engineers. 

Paper  by  Mr.  Alfred  P.  Bolleu. 

ON    THE   NEED    OF    A   NATIONAL   BOARD    FOR   TESTING    THE   METALS   OF 
CONSTRUCTION. 

In  the  victories  of  peace  as  well  as  of  war,  the  science  of  engineer- 
ing has  played  a  prominent,  if,  indeed,  not  the  leading  part. 
While  it  might  be  interesting,  and  food  for  profitable  thonght,  to 
trace  the  development  of  engineering  from  early  times  in  its  bear- 
ings upon  the  social  betterment  of  mankind,  it  will  be  sufficient  on 
the  present  occasion  to  suggest  a  few  thoughts  that  it  is  hoped  will 
aid  the  unprofessional  listener  to  an  appreciative  consideration  of  the 
subject-matter  laid  down  for  to-day's  discussion,  and  possibly  lead 
the  professional  brother  to  a  higher  conception  of  the  profession  to 
which  he  belongs. 

Since  the  advent  of  the  railway  era,  it  is  difficult  to  grasp  tlie 
sequence  of  historic  events  that  have  led  to  the  wondrous  develop- 
ment of  mechanical  science,  making  possible  the  civilization  that  is 
our  daily  boast,  and  opening  up  a  vista  of  future  intellectual  and 
moral  advancement  among  the  nations  of  the  earth,  before  which 
the  imagination  becomes  hopelessly  lost.  Even  now,  looking  back 
over  a  period  of  only  half  a  century,  we  often  fail  to  realize  the  vast 
change  in  the  relations  of  individuals  and  nations  to  each  other, 
brought  about  by  the  results  of  those  mechanical  discoveries  which, 
having  made  the  whole  world  kin,  exercise  a  resistless  levelling 
influence  that  bears  fruit  politically  in  the  spread  of  republican  ideas, 
and  morally  in  the  elevation  of  the  individual  through  the  facilities 
given  to  the  dissemination  of  Christian  ideas  and  general  intelli- 
gence. In  this  view,  it  seems  almost  like  a  work  of  supererogation 
for  a  body  of  representative  men  of  one  department  of  that  science 
to  which  the  whole  world  owes  so  much,  to  meet  here  at  the  centre 
of  our  national  life  to  plead  not  only  for  a  practical  recognition  of 
the  national  importance  of  the  work  to  which  their  lives  are  devoted, 
but  also  for  national  aid,  on  a  scale  beyond  that  of  private  effort,  to 
the  end  that  mechanical  science  may  be  carried  to  a  higher  plane 
than  ever  yet  attained,  each  step  on  the  way  being  of  material  benefit 
to  every  man,  woman,  and  child  in  the  community.  Possibly  this 
is  strong  language,  but  none  too  strong  when  we  consider  that  the 
work  for  which  we  plead  is  one  affecting  not  only  vast  scientific 
and  commercial    interests,  but  also  human  life,  to  a  degree  little  ap- 
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preciated  by  tliose  whose  occupation  or  calling  is  outside  of  pursuits 
in  the  domain  of  applied  science. 

What  so  intimately  afif'ects  the  people  in  every  household  is  worthy 
of  the  profoundestsympathy  of  the  legislative  powers,  and  the  mem- 
bers of  any  Congress  who  grasp  this  subject  as  its  magnitude  and 
importance  demands,  will  live  to  see  not  only  a  great  work  performed 
in  the  interests  of  science  and  manufactures,  but  also  a  web  of  pro- 
tection thrown  around  every  hearthstone  in  the  land,  by  removing 
to  a  great  extent  the  ignorance  and  empiricism  to  wdiich  too  many 
broken  bridges,  fallen  buildings,  and  imperfect  machines  testify. 

It  is  popularly  supposed  that  engineering  is  an   exact  science, 
treading,  as  far  as  it  is  developed,  on  positive  data.     If  this  were 
true  there  would  be  no  need  for  a  government  commission  for  testing 
the  metals  of  construction.     While  engineering  theory  has  been  most 
thoroughly  established,  covering  almost,  if  not  entirely,  all  depart- 
ments of  the  science,  engineering  facts  are  in  an  unsatisfactory  state, 
and  must  remain  so  until  experiments  on  the  strength  of  materials 
are  made  on  a  scale  which  a  national  government  alone  can  under- 
take.    During  the  last  decade  we  have  discovered  the  fact  that  our 
knowledge  of  the  properties  of  ij'on  and  steel  is  less  accurate  than  it 
was  heretofore  supposed,  and  that  the  physical  data,  in  use  all  over 
the  world,  are  based  on  crude  experiments  made  on  a  scale  utterly 
insufficient  to  determine  the  true  value  and  application  of  the  metals 
in  the  forms  and  masses  as  applied  in  the  arts.     To  the  layman,  with 
all  the  triumphs  of  modern  engineering  before  him,  this  statement 
may  seem  contradicted  by  those  engineering  successes ;  but  such  works 
are  always  based  upon  a  "  factor  of  safety,"  made  large  enough  by 
prudent  engineers  to  cover  up  not  only  the  imperfections  of  work- 
manship always  inseparable  from  the  best  of  human  endeavor,  but 
also  those  deficiencies  of  exact  knowledge  regarding  the  f)roperties 
of  metals  used  in  construction.     Every  factor  of  safety,  therefore,  is 
composed  of  two  parts,  the  factor  of  safety  proper  and  the  factor  of 
ignorance.     It  is  the  determining  of  the  exact  proportions  of  this 
factor  engineering   science    now  demands,  that  ignorance    may  be 
eliminated,  and  dishonesty  prevented  from   taking  refuge  in  the 
protection   due  to  the  margin  allowed  for  the  factor  of  ignorance. 
This  factor  of  safety,  such   as   it  is,  is  the  sole  protection  of  the 
millions  of  pe()j)le  daily  carried   by  the  railways  of  the  world  and 
all  the  other  modes  of  mechanical  transimrtation,  to  say  nothing  of 
the  occui>ants  of  innumerable  i)ublic  buildings  and  places  of  assem- 
blage.    Further,  as  an  economical  measure,  the  establishment  of  a 
factor  of  safety  based  on  exact  data  deserves  more  than  a  passing 
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comment — an  economy  resulting  from  a  direct  saving  in  the  use  of 
materials  in  the  broadest  sense,  and  in  the  prevention  of  their  abuse. 

Measured  by  product,  the  United  States  is  rapidly  coming  to  the 
van  anions  the  nations  of  the  world  in  the  manufacture  of  iron  and 
steel,  being  second  only  to  Great  Britain.  The  past  year  witnessed 
some  6,000,000  tons  of  iron  and  steel  made  in  this  country,  the  sci- 
entific use  and  ecouomical  application  of  which  becomes  of  the  first 
national  importance.  It  may  be  a  revelation  to  some,  that  there  is 
no  standard  of  authority  as  to  the  strength  of  the  metals  of  construc- 
tion, and  that  engineers  are  by  no  means  agreed  upon  the  limits  of 
strain  that  may  be  imposed  on  iron  and  steel  under  given  conditions. 
Some  years  ago  they  thought  they  knew  more  than  they  do  now, 
but  under  more  exacting  requirements,  more  extended  observation, 
and  higher  technical  training,  they  have  arrived  (with  rare  excep- 
tions) unanimously  to  the  conclusion  that  no  authoritative  data  exists 
for  designing  metallic  structures,  nor  can  exist  until  some  central 
authority,  like  a  national  government,  establishes  a  system  of  ex- 
perimenting upon  the  metals  on  scientific  principles,  and  on  a  scale 
that  bears  some  proportion  to  the  shapes  and  masses  actually  used  in 
construction. 

From  the  preceding  remarks  it  must  not  be  concluded  that  en- 
gineers have  all  these  years  been  practising  a  rule  of  thumb,  and 
depending  upon  their  intuitive  perceptions  for  the  successful  practice 
of  their  profession.  It  must  be  remembered  that  metallic  construc- 
tions are  of  comparatively  recent  date,  and  that  their  development 
is  dependent  upon  a  great  volume  of  experimental  data  that  takes 
more  or  less  tihie  to  accumulate  and  analyze.  Much  experimenting 
has  been  done,  and  is  now  being  performed  continuously  in  all  parts 
of  the  world  by  private  individuals,  either  for  trade  purposes  or 
private  investigations.  A  considerable  portion  of  such  work  gets 
before  the  profession  in  a  fragmentary  sort  of  way,  finally  getting 
into  our  textbooks  as  authority,  supplementing  the  English  tables 
that  have  been  handed  down  through  all  the  engineering  textbooks 
that  have  ever  been  published.  And  in  this  connection  it  is  proper 
to  confess  that  American  practice  is  largely  governed  by  the  tradi- 
tion of  English  experiments,  which  have  come  before  the  world  in  a 
more  accessible  shape  and  greater  fulness  than  could  be  elsewhere 
obtained.  These  English  experiments,  dating  from  the  construction 
of  the  Britannia  and  Conway  bridge-tubes,  have  ever  since  been  pub- 
lished the  world  over  as  authority,  and  the  names  of  Eaton,  Hodg- 
kinson,  and  Sir  William  Fairbairn,  by  whom  those  experiments 
were  devised  and  conducted,  will  ever  live  as  pioneers  in  the  art  of 
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iron  construction,  and  be  revered  as  long  as  tiie  profession  of  engin- 
eering has  a  follower, — particularly  that  of  Fairbairn,  whose  whole 
long  and  busy  life  was  devoted  to  experimental  knowledge,  and 
whose  researches,  to  this  day,  are  largely  our  guide  in  practice.  The 
next  step  toward  a  still  more  accurate  knowledge  of  the  constructive 
value  of  iron  and  steel  was  taken,  when  the  experiments  of  Kirkaldy 
were  made,  about  1862,  under  the  patronage  of  one  of  Scotland's  great 
ship-building  firms,  that  of  the  Messrs.  Napier  &  Sons,  by  whose 
permission  they  were  given  to  the  world,  adding  largely  to  existing 
knowledge.  These  experiments  disclosed  many  important  factors 
in  the  behavior  of  metals  under  stress,  overlooked  by  all  previous 
experimenters,  and  opened  up  a  field  of  investigation  that  has  ever 
since  been  profitably  worked.  But  these,  as  well  as  all  preceding 
ones,  were  conducted  on  what  we  may  call  specimen  sizes  of  the 
various  irons  and  steels  manufactured  in  Great  Britain,  and,  while 
valuable  as  far  as  they  go,  they  are  utterly  insufficient  as  standards 
by  which  to  judge  the  absolute  value  of  structures  as  a  whole,  or  of 
the  parts  of  which  they  are  composed,  to  say  nothing  of  the  fact  that 
American  interest  is  in  American  metals  and  not  in  British. 

Chemical  composition,  as  affecting  the  strength  of  iron  or  steel,  has 
only  recently  claimed  attention  (growing  primarily  out  of  the  Besse- 
mer steel  industry),  and  cannot  be  neglected  hereafter.  It  is  a  mat- 
ter of  comparatively  recent  record,  that  iron  or  steel  in  small  bars  has 
a  very  different  value  from  the  same  metal  rolled  in  large  sizes,  and 
that  the  shape  in  which  such  bars  may  be  rolled  very  materially 
modifies  their  strength.  In  general  we  have  discovered  that  while 
experimental  specimen  sizes,  on  whic^h  our  tables  are  mainly  based, 
give  comparative  values  for  different  qualities  of  iron  or  steel, they 
are  misleading  as  to  absolute  values,  only  determinable  by  testing 
the  sizes  and  shapes  as  used  in  actual  construction.  The  question 
of  abrasion  has  still  to  be  investigated,  and  when  one  reflects  that 
this  is  a  vital  question  in  the  economical  use  of  steel  rails,  the  im- 
portance of  such  an  investigation  cannot  be  overrated.  In  steel, 
particularly,  there  is  much  to  learn,  at  least  by  the  profession  at 
large ;  few  engineers  have  the  temerity  to  use  it  with  the  present 
lack  of  knowledge  of  its  physical  properties  ;  yet  it  is  a  metal  that 
the  constructive  demands  of  the  age  are  forcing  on  the  attention  of 
engineers,  and,  as  the  metal  of  the  future,  a  full  and  elaborate  series 
of  physical  and  chemical  experiments  upon  such  shapes  and  sizes  as 
are  needed  in  actual  construction  should  be  undertaiven  at  t-lie 
earliest  moment. 

Another  line  of  investigation  is  greatly  needed,  and  that  is  the 
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effect  of  vibration  and  impact,  on  wliich  the  life  of  metal  structures 
largely  depends.  Some  few  investigations  in  this  branch  of  experi- 
mental research  have  been  made  by  Fairbairn  in  England,  and  in 
considerable  number  by  the  late  Baron  von  Weber  in  Germany,  both 
pointing  in  a  general  way  to  a  period  of  destrucstion  under  repeated 
impact  and  vibration,  when  such  successive  impacts  strain  the  ma- 
terial beyond  a  certain  point.  It  would  make  a  long  catalogue  if 
we  were  to  enumerate  with  any  fulness  the  unexplored  regions  await- 
ing the  investigator  into  the  properties  of  the  metals,  and  would  in- 
volve a  degree  of  technical  statement  out  of  place  in  this  paper. 

Enough  has  probably  been  said  to  awaken  an  intelligent  interest 
in  the  thoughtful  lay  mind,  and  it  is  hoped  it  will  bear  fruit  in  season. 
The  American  Institute  of  Mining  Engineers  is  only  an  advance 
guard  in  pressing  the  attention  of  this  subject  upon  Congress.  The 
two  other  representative  bodies  of  engineering  science,  the  American 
Society  of  Civil  Engineers  and  the  American  Society  of  Mechanical 
Engineers,  are  thoroughly  in  earnest  in  the  matter,  and  will  soon  be 
heard  from,  blending,  as  it  were,  with  the  voices  of  all  minor  socie- 
ties and  mercantile  associations,  the  factories,  mills,  and  workshops 
of  the  country,  in  one  harmonious  demand  that  Congress  shall  con- 
sider the  grand  scheme  presented  to  it  for  action  ;  a  scheme  in  the 
interest  of  no  faction  or  body  of  men,  but  in  the  interest  of  the  wliole 
people. 

This  idea  of  establishing  a  National  Board  for  the  testing  of 
American  metals  is  not  a  new  one,  and  it  is  proper  in  this  place 
to  refer  to  past  efforts  in  that  direction.  In  1875  such  a  board  was 
constituted  by  act  of  Congress,  on  recommendation  of  the  House 
Appropriation  Committee,  of  which  the  lamented  Garfield  was  chair- 
man. The  members  of  the  board  were  selected  with  great  judgment, 
and  represented  satisfactorily  the  various  departments  of  the  indus- 
trial and  engineering  branches  of  science.  The  Ordnance  Depart- 
ment of  the  army  had  previously  been  at  work  in  this  direction  for 
ordnance  information,  and  had  already  in  hand  the  construction  of 
a  testing-machine  on  a  new  principle,  and  of  such  proportions  that 
experiments  could  be  made  on  a  scale,  and  with  a  degree  of  accuracy, 
never  before  attempted.  On  the  creation  of  the  Testing  Board  the 
work  of  the  Ordnance  Department  was  consolidated  with  it,  and 
everything  promised  fair  for  results  that  would  not  only  be  of  ines- 
timable value  to  our  own   people,  but  be  of  great  national  credit. 

The  board  lost  no  time  in  organizing,  and  laid  out  an  exhaustive 
scheme  of  work,  covering  all  possible  uses  of  the  metals,  under  sub- 
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committees  for  eavh  special  department  of  investigation.  They  at 
once  took  in  hand  the  testing-machine,  previously  contracted  for  by 
the  Ordnance  Department,  and  used  every  eifort  for  its  early  com- 
pletion. This  was  prolonged  far  beyond  the  anticipated  time,  and 
swallowed  up  in  its  cost  almost  the  whole  of  the  original  appropriation 
of  Congress,  viz.:  $75,000, — a  sum  far  in  excess  of  the  original  esti- 
mate, thus  materially  crippling  the  work  of  the  board  at  the  very  outset. 
The  testing-machine  selected  by  the  Ordnance  Board,  and  approved 
by  the  National  Board,  is  the  product  of  years  of  labor  and  expen- 
diture on  the  part  of  Mr.  Albert  H.  Emery,  civil  engineer.  It  was  the 
first  one  ever  built  on  the  magnitude  contemplated,  and  involved 
such  novel  principles,  leading  to  an  accuracy  hitherto  unapproached 
by  any  other  machine  ever  built  or  conceived  of,  that  last  year  the 
Massachusetts  Charitable  Mechanic  Association,  on  the  recommen- 
dation of  a  committee  of  Fellows  of  the  American  Academy  of  Arts 
and  Sciences,  conferred  its  "  Grand  Medal  "  on  the  exhibit  of  the 
results  of  the  testing-machine  as  the  "single  exhibit  most  conducive 
to  human  welfare."  This  machine  is  one  of  the  world's  mechanical 
wonders.  It  will  exert  a  pressure  so  delicate  as  to  weigh  to  a  nicety 
the  strength  of  a  hair  or  an  egg-shell,  and  so  powerful  as  to  bring 
into  play  a  force  of  400  tons,  and  in  either  case  with  absolute  accuracy. 
This  machine  being  a  novelty  in  itself,  like  all  new  contrivances,  could 
not  be  confined  to  any  initial  cost,  and  had  to  be  carried  through  from 
beginning  to  end,  as  every  original  effort  must  be,  regardless  of  ulti- 
mate cost.  In  the  meantime,  during  the  building  of  the  machine,  the 
members  of  the  board  did  a  great  deal  of  independent  work,  largely 
preliminary,  and  often  at  their  own  expense.  As  before  remarked,  the 
unexpected  disbursements  required  for  the  testing-machine  hampered 
the  board  from  the  start ;  for  while  a  great  range  of  experiments  was 
possible  independent  of  the  testing-machine,  such  as  the  breaking  of 
full-sized  girders  and  trusses,  they  all  required  an  expenditure  in  a 
large  way.  Still,  much  valuable  work  was  done,  far  more  than  is 
generally  supposed,  which  has  been  admirably  covered  in  a  paper  by 
Professor  R.  H.  Thurston,  read  before  the  American  Association  for 
the  Advancement  of  Science  at  its  Nashville  meeting  in  the  summer 
of  1877.  This  paper  sketches  the  organization  of  the  committees, 
with  the  work  laid  out  for  each,  and  the  recai)itulation  in  this 
place  of  the  division  of  labor  and  the  scope  of  the  investigations,  will 
bear  witness  to  the  wisdom  of  the  committee,  and  serve  to  emphasize 
the  previous  remarks  upon  the  importance  of  a  National  Testing 
Board  for  the  industries  of  America.  These  committees  were: 
VOL.  X. — 2-3 
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(A)  Ox  Abrasion  and  Wear.     Instructions :  To  examine  itnd  report  upon  the 

abrasion  and  wear  of  railway  wheels,  axles,  rails,  and  other  materials, 
under  the  conditions  of  actual  use. 

(B)  On  Armor  Plate.     Instructions :  To  make  tests  of  armor  plate,  and  to 

collect  data  derived  from  experiments  already  made  to  determine  the 
characteristics  of  metals  suitable  for  such  use. 

(C)  On  Chemical   Research.     Instructions :  To  plan  and  conduct  investiga- 

tions on  the  mutual  relations  of  the  chemical  and  mechanical  properties 
of  metals. 

(D)  On  Chains  AND  Wire  RoPKS.     Instructions:  To  determine  the  character 

of  iron  best  adapted  for  chain  cables,  the  best  form  and  proportions  of 
link,  and  the  qualities  of  metal  used  in  the  manufacture  of  iron  andsteel 
wire  ropes. 

(E)  On  Corrosion  of  3Ietals.     Instructions :  To  investigate  the  subject  of  the 

corrosion  of  metals  under  the  conditions  of  actual  use. 

(Fj  On  the  Effects  of  Temperature.  Instructions:  To  investigate  the 
effects  of  variations  of  temperature  upon  the  strength  and  other  qualities 
of  iron,  steel,  and  other  metals. 

(G)  Ox  Girders  AND  Columns.  Instructions:  To  arrange  and  conduct  experi- 
ments to  determine  the  laws  of  resistance  of  beams,  girders,  and  col- 
umns to  change  of  form  and  to  fracture. 

(H)  On  Iron,  Malleable.  Instrnciions :  To  examine  and  report  upon  the 
mechanical  and  physical  properties  of  wrought-iron. 

(I)  On  Iron,  Cast.  Instruclioyis :  To  consider  and  report  upon  the  mechanical 
and  physical  properties  of  cast-iron. 

(J)  On  Metallic  Allots.  Instructions:  To  assume  charge  of  a  series  of  ex- 
periments on  the  characteristics  of  alloys,  and  an  investigation  of  the 
laws  of  combination. 

(K)  On  Orthogonal  Simultaxeous  Strains.  Instructions :  To  plan  and 
conduct  a  series  of  experiments  on  simultaneous  orthogonal  strains,  with 
a  view  to  the  determination  of  laws. 

(L)  On  Physical  Phf.nomena.  Instructions:  To  make  a  special  investigation 
of  the  physical  phenomena  accompanying  the  distortion  and  rupture  of 
materials. 

(M)  On  Reheating  AND  Rerolling.  Instructions:  To  observe  and  to  exper- 
iment upon  the  effects  of  reheating,  rerolling,  or  otherwise  rework- 
ing; of  hammering,  as  compared  with  rolling,  and  of  annealing  the 
metals. 

(N)  On  Steels  Produced  BY  Modern  Processes.  Instructions:  To  investi- 
gate the  constitution  and  characteristics  of  steels  made  by  the  Bessemer, 
open  hearth,  and  other  modern  methods. 

(O)  On  Steels  for  Tools.  Instructions:  To  determine  the  constitution  and 
characteristics,  and  the  special  adaptations  of  steels  used  for  tools. 

The  committees  being  without  funds,  for  reasons  previously  stated, 
were  unable  to  do  much  more  than  begin  their  wisely-planned  work, 
so  that  the  board  took  measures  early  in  1876  to  come  before  Con- 
gress for  an  additional  appropriation,  and,  reinforced  by  the  moral 
support  of  leading  scientific  associations  and  schools  throughout  the 
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country,  asked  for  an  appropriation  of  $50,000  to  continue  their 
work.  In  July  the  Senate  added  an  anaendnient  to  the  bill  for  sun- 
dry civil  expenses  of  the  g'overnment,  appro})riating  $70,000  for  the 
use  of  the  board  to  test  iron  and  steel.  This  was  opposed  by  the 
House  members  of  the  Conference  Committee,  and  the  amendment 
was  stricken  out,  and  about  the  only  satisfaction  that  could  be  ob- 
tained for  the  opposition  of  the  House  was  in  the  remark  of  its  chair- 
man to  a  prominent  engineer  desiring  light  ou  the  subject:  "Can 
you  tell  me  how  many  Democrats  there  are  on  that  board?"  The 
anxious  inquirer  left,  a  sadder  and  wiser  man  ;  probably  wonder- 
ing if  iron  and  steel  had  undiscovered  political  characteristics,  as 
well  as  chemical  and  physical.  A  compromise  amendment,  how- 
ever, was  finally  agreed  upon,  covering  an  appropriation  of  $19,- 
396.98,  and  at  the  same  time  legislating  the  board  out  of  existence 
June  30th,  1879.  The  work  continued  with  the  above  financial 
support,  and  is  a  matter  of  record  in  the  committee's  reports,  a  sum- 
mary of  which  may  be  found  in  Professor  Thurston's  review  of  the 
work  of  the  board,  before  noted.  Strong  efforts  were  successively 
made,  not  only  to  secure  the  repeal  of  the  law  discontinuing  the 
board,  but  to  continue  the  appropriations.  These  efforts  were  not 
only  cordially  met  by  the  President,  but  made  by  him  the  subject  of 
a  special  message  to  Congress.  Prominent  members  .of  Congress 
made  personal  efforts  to  maintain  the  board  as  a  national  institution, 
and  every  possible  argument  was  used  for  favorable  congressional 
action.  All  these  efforts,  however,  failed,  and  the  board  was  com- 
pelled to  accept  the  inevitable,  and  calmly  resign  itself  to  annihila- 
tion as  its  ultimate  and  speedy  fate.  In  the  year  preceding  the 
board's  dissolution,  the  House,  by  resolution,  called  for  a  report  of 
its  work,  no  report  up  to  that  time  having  been  presented.  This 
report  was  subsequently  presented  to  the  House  and  ordered  printed. 
In  the  debate  upon  the  work  of  the  board,  the  speaker,  and  former 
chairman  of  the  Appropriation  Committee,  to  whom  allusion  has 
been  made,  showed  decided  opposition  to  the  board  and  its  work,  and 
presumably  on  the  same  ground.  Finally,  in  «June,  1878,  the  whole 
matter  was  settled  by  the  passage  of  a  law  practically  remanding  the 
testing-machine  to  the  custody  of  the  Ordnance  Department,  making 
it  accessible  for  the  service  of  private  parties,  under  a  system  of  fees 
to  cover  the  expense  of  operation  and  maintenance. 

This  is,  in  brief,  a  history  of  the  rise,  decline,  and  fall  of  the  Uni- 
ted States  Board  appointed  to  Test  Iron  and  Steel.  It  belongs  to 
the  past,  and  we  must  commence  anew,  referring  only  to  so  much  of 
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the  past  as  will  serve  to  enlighten  the  future.  What  is  wanted  now, 
is  a  more  comprehensive  law  for  the  proposed  new  board  than  the 
one  creating  the  old,  and  one  fully  recognizing  the  national  character 
of  the  work.  To  this  end  the  powers  of  the  board  should  be  fully 
defined,  and  all  necessary  provision  made  for  its  successful  opera- 
tion. Such  a  board  should  not  be  tacked  on  in  any  way  to  an  army 
department,  but  should  be  an  independent  body,  reporting  to  the 
Secretary  of  the  Treasury  or  the  Secretary  of  the  Interior.  The 
work  is  almost  entirely  civil  work,  just  as  much  as  that  of  the  Coast 
Survey,  and  should  remain  in  existence  as  long  as  there  is  a  metallic 
question,  so  to  speak,  remaining  unanswered.  Now  that  the  testing-' 
machine  is  an  accomplished  fact,  the  board  could  profitably  spend 
$50,000  per  annum  in  experimenting,  and  the  centre  of  its  opera- 
tions should  be  in  the  city  of  Washington,  to  which  point  the  test- 
ing-machine should  be  removed  from  Watertown  Arsenal,  its  present 
abiding-place. 

The  operations  of  the  board  should  be  reported  in  yearly  vohiraes 
readily  obtainable  by  the  scientific  men  and  metal  workers  of  the 
country,  either  by  sale  for  the  mere  cost  of  publication,  or  by  a  proper 
system  of  distribution,  whereby  the  object  of  its  publication  would 
be  accomplished.  There  is  a  tradition  that  an  edition  was  published 
of  the  only  report  made  to  Congress  by  the  old  board.  But  the 
report  has  failed  to  reach  the  very  class  of  men  who  could  profit  by 
it,  leading  to  a  vague  suspicion  that  its  distribution  was  based  on 
political  and  not  scientific  methods.  If  it  is  not  possible,  under  the 
existing  methods  of  distributing  public  documents,  to  give  the  board 
absolute  charge  of  distributing  the  yearly  reports  of  its  own  work-, 
then  the  manner  of  distribution  should  be  defined  by  the  law  crea- 
ting the  board.  Too  much  attention  cannot  be  paid  to  this  branch 
of  the  board's  work,  since  the  very  object  of  its  creation  would  be 
defeated  if  the  results  of  its  work  were  not  easily  accessible  to  all 
seeking  information  they  contain. 

We  are  now  brought  to  the  consideration  of  rather  a  delicate  ques- 
tion, about  which  there  are  differing  views,  and  that  is,  the  remunera- 
tion, if  any,  of  the  men  engaged  on  the  work  of  the  board.  This  work, 
if  properly  attended  to,  would  be  an  exceedingly  engrossing  one,  call- 
ing for  the  practical  abandonment,  for  the  time  being,  of  any  other 
pursuit,  and  it  would  seem  manifestly  unfair  to  demand  that  such  labor 
and  sacrifice  should  be  unrecompensed.  Again,  the  great  majority 
of  men  qualified  for  such  work  (and  there  are  not  many  such  availa- 
ble) would  be  deterred  from  accepting  service  on  the  board,  from 
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sheer  financial  inability  to  perform  nnrecompensed  labor.  Whatever 
is  worth  doing  is  worth  doing  well,  and  to  expect  qualified  men  to 
do  without  recompense  the  work  called  for  by  such  a  board, — a  work 
that  will  so  riclily  compensate  the  American  people, — is  to  believe  in 
a  deo-ree  of  self-sacrifice  that  should  not  be  looked  for  this  side  of 
Utopia,  and  should  not  be  asked  for.  The  only  objection  possible 
to  urge  against  a  paid  board,  all  or  in  part,  is  the  one  usually  attach- 
ing to  government  salaried  positions,  and  tiie  possibility,  therefore, 
of  unworthy  or  incompetent  appointments.  In  other  words,  the 
board  might  get  into  politics,  and  the  question  of  the  chairman  of 
the  House  Appropriation  Committee,  before  related,  would  be  asked 
with  redoubled  earnestness. 

Be  this  as  it  may,  it  should  be  thoroughly  understood  that  the 
moment  the  proposed  board  takes  on  a  political  bias  its  usefulness 
is  ended.  Nor  can  such  a  board  lend  itself  to  the  glorification  of  any 
individual  or  set  of  men.  Its  aim  is  purely  a  scientific  one  for  prac- 
tical ends,  and  as  such  must  be  established  on  its  merits  alone;  and 
if  this  view  is  not  prominently  kept  in  the  foreground,  and  made 
the  basis  of  all  legislation  concerning  it,  the  whole  matter  had  better 
be  dropped.  The  work  of  such  a  board  is  not  a  matter  of  one  year 
or  two  years ;  it  may  take  ten  years  to  cover  the  field  as  it  should 
be  covered,  but  whether  it  takes  a  longer  or  shorter  time,  it  should 
be  constituted  on  such  a  broad  basis  as  to  be  free  from  haste  in  the 
examination  of  the  various  schemes  of  experimenting  it  must  neces- 
sarily undertake.  We  must  not  be  impatient  for  results,  but  bear  in 
mind  that  the  questions  asked  by  the  modern  engineer  are  exceedingly 
complex  ones,  and  that  while  he  would  have  been  content  a  few  years 
back  to  know  the  amount  of  strain  an  iron  bar,  for  instance,  would 
stand  before  rupture,  he  demands  now  to  know  the  reasons  that  cause 
different  bars  to  give  different  results,  or  the  same  bar  to  give  differ- 
ent results  under  varying  treatment,  or  why  a  small  bar  behaves 
differently  from  a  large  bar  of  the  same  material.  And,  further, 
in  regard  to  steel,  all  that  is  known  is  so  little  compared  with  what 
is  yet  to  be  learned  about  its  properties  and  adaptations,  that  the 
field  of  research  is  almost  appalling  in  its  magnitude  and  intricacy. 
To  all  these  questions  the  yearly  reports  of  the  board  would  give 
answers  which  would  have  the  weight  of  undisputed  authority. 

When  the  work  of  such  a  board  is  comi)leted  it  would  be  a  grand 
culmination  of  its  work  for  the  United  States  Government  officially 
to  promulgate,  as  an  American  standard,  the  limits  under  which 
American  metals  should  be  used,  particularly  in  tliose  works  to  the 
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stability  and  endurance  of  which  human  life  is  intrusted;  and  while 
perhaps  it  would  be  straining  a  point  to  add  legal  criminality  to  a 
violation  of  such  standards,  the  moral  sense  of  the  community  would 
very  soon  attach  such  criminality,  and  bold  would  be  the  man,  no 
matter  how  unscrupulous,  to  use  metals  excepting  under  the  condi- 
tions officially  prescribed.  Science  would  have  sway  in  the  facto- 
ries and  workshops,  and  the  days  of  the  vendors  of  mantraps  would 
be  numbered  ;  ignorance,  if  not  eliminated,  would  be  kept  under 
wholesome  restraint,  and  the  field  of  that  useful  but  dangerous 
member  of  society, — the  "practical  man," — would  be  much  re- 
stricted. 

The  theme  of  the  proposed  "  Board  for  Testing  American  Metals 
of  Construction"  is  indeed  an  inspiring  one,  the  far-reaching  conse- 
quences being  of  vital  interest  to  the  American  people.  It  is  an 
endeavor,  in  the  spirit  of  the  age  that  is  animating  human  thought 
in  all  parts  of  the  world,  to  formulate  exact  knowledge,  so  that  rules 
not  only  for  safe  practice  but  intelligent  practice  may  be  established. 
Engineering  must  ever  advance  towards  ideal  perfection,  which  is 
the  perfect  harmony  between  theory  and  practice,  the  closer  union 
of  which  administers  to  the  necessities  of  mankind  as  well  as  to  all 
wealth  and  luxuries, — in  a  word,  to  the  betterment  of  the  whole 
human  race.  It  is  to  contribute  towards  this  end,  as  best  it  may, 
that  the  American  Institute  of  Mining  Engineers,  relying  on  the 
wisdom  and  patriotism  of  the  nation's  rulers,  meets  on  this  occasion 
at  the  nation's  capital,  with  Congress  in  session,  to  give  voice  to  the 
one  overwhelming  need  of  the  engineers  and  artisans  of  America. 

Remarks  of  Dr.  Eglestox. 

While  I  thoroughly  appreciate  the  United  States  testing-machine 
at  the  Watertown  Arsenal,  and  regard  it  as  the  most  accurate  test- 
ing-machine that  has  yet  been  built,  I  wish  that  I  could  say  that  it 
is  complete  in  all  respects.  I  not  only  fully  appreciate  it,  but  I  have 
given  up  advising  thesending  of  material  to  be  tested  anywhere  else. 
It  is  five  or  six  times  more  expensive  to  use  this  machine  than  any  of 
the  others,  but  the  results  whi(di  are  obtained  from  it  are,  I  think, 
perfectly  reliable,  and  of  such  a  character  that  the  tests  are  all  compar- 
able with  each  other.  It  has  proved,  beyond  a  doubt,  that  the 
system  of  testing  specimens  of  diminished  area,  and  then  calculat- 
ing that  the  metal  examined  will  be  as  many  times  stronger  as  its 
area  is  greater,  is  an  absolutely  vicious  one.  I  am  quite  prepared  to 
say,  that,  either  from  their  limited  size  or  faulty  construction,  most  of 
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the  testing-machines  which  have  been  used  for  determining  the 
values  of  the  sections  of  reduced  areas  of  the  materials  used  in  con- 
struction are  not  worth  the  metal  of  which  they  are  made. 

But  while  I  do  not  mean  either  to  under-  or  over-value  this  ma- 
chine, I  think  that  what  is  absolutely  needed  in  the  new  departure 
which  we  hoj)e  to  make  is  a  series  of  tests  that  can  be  made  without 
any  testing-machine  whatever.  There  are  many  dark  places  in  the 
characteristics  of  constructive  materials,  especially  iron  and  steel, 
that  have  never  been  cleared  up.  We  are  manufacturing  these  ma- 
terials by  the  thousands  of  tons,  and  yet  it  is  safe  to  say  that  we  know 
very  little  about  them.  I  remember  very  distinctly  when  every 
manufacturer  believed  that  if  sulphur  was  present  in  iron  ore  he  must 
put  in  phosphorus,  and  if  phosphorus  was  present  he  must  put  in 
sulphur,  and  that  these  substances  when  present  together  would  ex- 
actly neutralize  each  other.  This  was  held  firmly  as  a  matter  of  faith. 
It  vvas  a  rude  shock  when  someone  announced  that  irons  containing 
sulphur  and  phosphorus  were  both  cold  short  and  red-short,  and 
were  cold-short  or  red-short  in  proportion  to  the  amount  of  sulphur 
and  phosphorus  contained.  About  the  year  1873  it  was  ascertained 
that  it  was  not  merely  a  question  of  the  positive  quantity  of  phos- 
phorus contained  in  the  irons,  but  of  the  relative  amounts  of  carbon, 
phosphorus,  and  silicon;  that  with  high  carbon  we  must  have  low 
silicon  and  phosphorus,  and  that  with  low  carbon  we  might  have 
high  silicon  or  phosphorus.  This  was  another  shock  which  led, 
however,  to  very  important  results  to  the  manufacturers.  Since  that 
time  we  have  ferro-manganese,  ferro-silicon,  and  ferro-phosphorus. 
The  whole  metallurgy  of  iron  and  steel  has  undergone  a  complete 
revolution,  who  can  say  at  what  expense?  And  why  should  not  a 
government,  which  derives  such  a  large  revenue  as  the  United  States 
does  from  the  manufacture  of  metals,  and  is  such  an  enormous  con- 
sumer of  them,  investigate  their  properties  for  the  benefit  of  the 
whole  people  ? 

I  spoke  just  now  of  ferro-])hosphorus  because  I  luive  recently 
learned  that  a  cast  iron  containing  15  per  cent,  of  phosphorus  is  so 
soft  that  it  can  easily  be  cut  with  a  knife,  while  that  containing  4 
per  cent,  is  very  hard,  the  hardness  decreasing  as  ihe  percentage 
of  phosphorus  increases.  Before  cast  iron  containing  these  amounts 
had  been  found,  who  would  have  been  rash  enough  to  predict 
such  properties  of  a  substance  whose  only  characteristic  that  we 
knew  was  to  make  iron  and  steel  brittle.  I  have  several  times  had 
occasion  to  call  the  attention  of  this  Institute  to  the  very  peculiar 
chemical  properties  of  irons  containing  large  amounts  of  phosphorus 
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and  silicon,  and  to  point  out  how  indispensable  they  were  for  certain 
uses  in  the  metallurgy  of  gold  and  silver.  Who  can  say  that  when 
these  materials  have  been  properly  studied  and  experimented  upon 
we  shall  not  find  many  other  commercially  profitable  uses  for  ma- 
terials at  which  every  one  now  looks  askance? 

Many  of  you  are  familiar  with  the  careful  and  elaborate  experi- 
ments made  by  Miller,  Metcalf,  and  Parkin,  for  the  old  commission, 
in  producing  steels  of  given  quantities  of  carbon,  silicon,  sulphur, 
and  phosphorus.  The  world  does  not  know  of  these  investigations. 
So  far  as  I  know  no  account  of  them  has  been  published.  The 
government  is  in  duty  bound  to  investigate  these  materials,  or  if 
already  lost,  the  experiments  should  be  made  again. 

If  the  work  of  a  commission,  appointed  by  the  United  States,  is 
to  be  commenced  again,  it  will  have  not  only  to  interest  the  public 
from  a  theoretical  but  also  from  a  practical  point  of  view.  The 
public  are  not  interested  in  merely  scientific  experiments,  nor  in 
tables  of  results  obtained  from  the  testing  of  materials  by  the 
methods  ordinarily  used  by  engineers.  They  do  not  doubt  that  they 
are  valuable  for  some  purpose  of  which  they  confess  themselves  to  be 
profoundly  ignorant,  but  they  see  no  practical  application  of  them. 
Thev  do  not  see  anv  direct  use  in  ascertaiuino;  the  strength  of  small 
or  even  of  large  pieces  of  metal  or  stone.  They  are  interested  not 
so  much  in  knowing  the  factors  of  safety  of  constructive  materials, 
as  hi  knowing  the  absolute  safety  of  the  structures  themselves. 

I  would  require  the  commission  to  use  the  testing-machine 
continually;  I  would  have  it  use  the  machine  not  on  diminished 
sections,  but  on  j^ieces  of  the  full  dimensions  that  are  to  be  used 
in  construction.  Further  than  this,  I  would  have  the  members 
of  bridges  and  other  composite  structures  tested  separately.  I  would 
then  have  every  kind  of  bridge  put  up  and  broken,  the  broken 
pieces  reinforced,  and  the  bridge  again  broken,  and  so  on.  It  is 
my  opinion  that  when  bridges  had  been  broken  once  or  twice  the 
best  form  of  every  style  of  bridge  would  be  ascertained  to  be  some- 
thing quite  different  from  what  we  now  generally  use,  and  the  weight 
of  material  used  in  them  might  be  very  much  less.  I  would  re- 
peat the  same  series  of  experiments  for  girders  and  trusses,  the 
same  for  columns,  and  the  same  for  the  actual  pieces  used  in  every 
structure  where  life,  health,  and  comfort  are  concerned.  If  the 
public  were  fully  assured  that  this  was  the  purpose  and  intent  of 
the  commission,  engineers  would  not  be  obliged  to  ask  Congress  to 
appoint  such  a  commission,  the  public  would  demand  it. 
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What  I  have  said  just  now  relating  to  iron  materials  should  also 
be  done  for  structures  composed  of  wood,  and  I  think  that  we  would 
find  in  a  great  many  cases  that  the  structures  that  we  are  using  are 
not  only  wrongly  combined  but  are  too  heavy.  We  have  been  using 
wood  since  the  world  began.  A  few  experiments  have  been  made 
in  regard  to  it,  but  very  little  is  really  known  except  what  has  been 
learned  by  certain  manufacturers  who  have  experimented  upon  it. 
For  a  whole  year  the  testing-machine  of  the  School  of  INIines  was 
used  to  determine  the  strength  of  wooden  materials.  Tiie  results 
of  these  experiments  were  in  many  respects  contrary  to  that  which 
is  ordinarily  believed;  yet  these  experiments,  being  made  for  private 
parties,  were  consigned  to  oblivion,  and  the  world  is  no  better  off  for 
their  having  been  made. 

But  these  structures  in  themselves  are  not  the  only  things  in 
which  the  public  has  a  direct  interest.  We  know  that  metals  and 
constructive  materials  undergo  fatigue,  that  up  to  a  certain  point 
this  fatigue  will  not  cause  rupture,  and  that  if  the  material  is  allowed 
a  certain  amount  of  rest  between  the  intervals  of  fatigue  it  will  last 
a  much  longer  time  than  if  it  has  no  rest.  There  comes,  however,  a 
time  when  the  fatigue  is  so  great  that  it  will  overbalance  the  refresh- 
ment and  the  metal  then  breaks.  Who  knows  now  whether  there 
is  any  possible  method  of  ascertaining  beforehand  when  a  metal  is 
fatigued  so  as  to  prevent  disaster  from  rupture? 

We  do  not  know  but  that  we  are  constructing  at  the  present  time 
our  bridges,  girders,  trusses,  etc.,  with  such  factors  of  safety  that 
the  metal  itself  may  be  the  cause  of  its  own  destruction.  Every 
engineer  knows  of  the  deleterious  effect  of  superfluous  material  in 
structures  which  are  to  bear  continued  vibration  or  repeated  shock. 
We  have  reason  to  believe  that  disasters  from  overweight  of  the 
structure  occur  more  frequently  than  has  been  supposed.  We  know 
something  about  the  law  of  fatigue,  but  we  do  not  know  much ;  we 
know  still  less  about  the  law  of  refreshment.  It  has  been  well 
known  for  a  long  time  that  if  metals  were  placed  in  a  testing 
machine  and  pulled  to  a  certain  limit  and  then  allowed  to  rest, 
they  would  bear  a  much  greater  tensile  strain  than  if  they  were 
pulled  apart  at  once.  But  we  do  not  know  the  law  by  which  this 
almost  instantaneous  refreshment  takes  place. 

I  made  a  calculation  some  years  ago,  as  chairman  of  the  committee 
to  assist  the  old  commission,  that  if  tlie  tests  as  they  were  to  be  made 
should  ])rove  that  the  quantity  of  materials  in  constructions  could  be 
considerably  lessened,  and  yet  have  as  great,  perhaps  greater  strength, 
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every  navy  yard  of  the  government  would  save  at  least  $100,000  a 
year.  The  government  which  can  make  anything  like  such  a  saving 
is  not  only  justified,  but  in  duty  bound  to  incur  the  expense  neces- 
sary to  insure  it. 

Iron  and  steel  are  not  the  only  materials,  however,  which  require 
investigation.  My  own  researches  during  the  last  eighteen  months 
have  been  upon  copper  and  a  series  of  its  alloys,  and  to  a  very  large 
extent  upon  brass  and  cartridge  metal.  This  last  metal  is  of  great 
value,  and  is  required  to  resist  extraordinary  pressure.  And  what 
is  true  of  this  is  true  of  nearly  every  metal  that  is  spun  or  struck- 
up.  In  the  course  of  these  investigations  I  took  several  series  of 
samples,  selected  at  random  from  many  hundreds  of  thousands  of 
cartridge  cases  ready  for  use,  and  loaded  and  fired  the  cartridges  un- 
til they  could  no  longer  be  used.  Many  of  these  were  useless  after  the 
first  firing,  some  of  them  were  fired  ten  times,  some  thirty,  and  some 
as  high  as  one  hundred  and  fifty  times.  Now  I  ask  why  should  not 
every  one  of  these  cartridges,  made  of  the  same  metal,  in  the  same 
way,  and  Avith  the  same  machinery,  have  stood  one  hundred  and 
fifty  times  firing  ?  After  a  patient  investigation,  embracing  every  side 
of  inquiry,  chemical,  physical,  and  mechanical,  I  ascertained  that 
the  immediate  cause  of  rupture  was  the  starting  of  the  more  volatile 
metal  in  each  of  these  alloys.  Why  should  exactly  the  same  condi- 
tion cause  the  volatile  metal  to  start,  and  the  metal  to  become  worth- 
less in  one  case,  after  the  first  firing,  when  in  others  it  stood  one  hun- 
dred and  fifty  firings?  Those  who  have  not  looked  into  this  question 
of  the  separation  of  alloys  under  pressure,  and  the  different  veloci- 
ties of  the  cold  flow  of  metals  under  equal  pressures,  have  very  little 
idea  of  its  commercial  importance.  "  I  have  seen  many  tons  of  such 
rejected  material  as  this  in  the  manufactories  of  our  Eastern  States, 
every  ounce  of  which  was  rendered  useless  from  some  such  cause.  I 
have  seeu  hundreds  of  thousands  of  cartridges  apparently  good,  but 
rendered  after  a  few  months  of  storage,  at  absolute  rest,  completely 
useless  froui  the  same  cause,  'Jiough  they  had  stood  the  test  of  in- 
spection and  trial  when  first  made.  I  believe  that  this  and  other 
kinds  of  fatigue  are  perfectly  preventable,  but  nothing  but  the  work 
of  such  a  commission  would  be  able  to  ascertain  for  the  world  at 
large  what  the  means  of  preventing  it  are. 

It  is  easy  to  ask  why  private  individuals  should  not  make  these 
investigations  for  themselves.  The  reply  is,  that  the  same  investiga- 
tion, if  made  by  private  individuals,  may  be  repeated  fifty  times  and 
at  many  times  the  expenditure  necessary  to  have  the  whole  subject 
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thoroughly  investigated,  and  still  no  addition  be  made  to  the  sum  of 
human  knowledge,  for  the  results  of  ev^ery  private  investigation  are 
kept  secret.  My  own  professional  practice  is  full  of  just  such  inves- 
tigations as  these;  some  of  them  I  am  at  liberty  to  speak  about,  but 
most  of  them  are  the  private  property  of  those  who  had  them  made. 
Most  manufacturers  are  unwilling,  and  justly  so,  I  think,  that  the 
capital  which  they  iiave  expended  in  ascertaining  these  facts  should 
be  used  by  others,  and  they  are  especially  unwilling  that  their  com- 
petitors should  have  the  benefit  of  all  their  experiments  and  expen- 
diture, when  they  are  likely  to  have  a  large  profit  in  keejiing  the 
knowledge  to  themselves.  I  do  not  think  it  is  reasonable  that  any 
one  should  ask  that  the  manufacturers  who  employ  time,  talent,  and 
capital,  in  ascertaining  the  defects  in  their  business,  should  give  such 
results  to  the  public  for  nothing.  Some  of  them  do  it  freely,  and 
are  to  be  commended  for  it,  but  we  cannot  blame  those  who  do  not. 
Just  such  information  is,  however,  imperatively  needed  by  the  country 
at  large.  The  public  should  know  the  facts  and  be  able  to  utilize 
them,  but  it  is  only  the  General  Government  which  can  secure  the 
talent  and  the  money  to  make  such  experiments  on  a  large  scale,  and 
in  a  thorough  manner,  and  then  distribute  the  information  gratui- 
tously. My  opinion  is,  that  this  commission,  while  it  should  use  the 
United  States  testing-machine,  or  other  machines  built  on  the  same 
or  other  ])rlnclples,  should  also  construct  for  itself  ap[)aratus  de- 
signed for  special  cases,  which  may  or  may  not  be  used  a  second  time; 
but  that  they  should  above  all  things  make  the -experiments,  to  which 
I  have  referred,  of  testing  all  such  structures  and  materials  as  affect 
the  public  security,  health,  and  happiness,  with  full-sized  structures; 
and,  as  I  have  pointed  out  to  you,  this  cannot  be  done  to  a  very  large 
extent  without  many  machines  designed  for  special  cases,  which  could 
be  built  at  small  cost,  and  which,  in  conjunction  with  the  Emery 
machine,  should  be  in  constant  use.  The  commission,  if  appointed 
by  the  government,  should  be  expected  to  begin  the  work  at  once, 
and  to  make  accessible  by  monthly  publications,  to  engineers  and 
others  who  wish  to  consult  them,  the  results  of  those  experiments, 
without  theory  or  comment  at  first,  and  then  after  a  time,  when 
they  have  multiplied  them  sufficiently,  with  deductions  drawn  from 
them.  They  should  fully  test  all  of  the  theories  which  have  been 
evolved  from  their  conclusions,  and  afterwards  publish  them  in  the 
rej>ort  to  the  proper  de])artment  of  the  government,  which  report 
should  be  not  only  accessible  to  engineers,  but  distributed  in  such  a 
way  that  the  widest  publicity  may  be  given  to  the  facts  ascertained. 
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Every  time  I  have  heard  the  old  commission  spoken  of  the  United 
States  testing-machine  was  alluded  to  in  the  same  breath.  This 
machine  I  believe  to  be,  as  I  have  said,  perhaps  one  of  the  most  re- 
markable and  accurate  machines  that  has  ever  been  built,  but  to 
associate  the  work  of  such  a  commission  with  a  testing-machine,  or 
any  other  single  tool  or  investigation  only,  is  a  great  mistake.  As 
I  have  endeavored  to  point  out,  the  subject  is  much  broader  than  a 
testing-machine,  which  is  a  comparatively  small  factor  in  the  study 
of  material  upon  which  so  many  human  lives  are  every  instant  de- 
pending, and  which  is  such  a  large  factor  in  the  happiness  and  pros- 
perity of  every  nation. 

Remarks  of  Mr.  G.  S.  INIorison. 

(Read  by  Mr.  Bogart,  Secretary  of  the  Society  of  Civil  Engineers.) 

I  HAVE  had  considerable  experience  with  tlie  testing-machine  at 
the  Watertown  Arsenal,  having  had  broken  there  sixteen  large  steel 
eye-bars,  besides  quite  a  number  of  iron  bars  and  two  compression 
members.  So  far  as  accurate  and  satisfactory  results  are  concerned, 
the  machine  is  all  we  could  ask  for,  and  the  officers  who  have  it  in 
charge,  together  with  their  civil  assi.stants,  are  thoroughly  conversant 
with  its  details,  and  entirely  competent  to  make  the  tests  required. 
The  principal  defect  is  that  the  force  is  very  inadequate. 

As  the  machine  is  arranged,  the  weighing  apparatus  is  at  one  end 
and  stationary,  the  measure  of  strain  being  carried  from  this  to  the 
scale-beam  by  the  fluid  in  a  tube  so  small  that  it  looks  like  a  wire. 
At  the  other  end  is  placed  the  hydraulic  press  by  which  the  power 
is  applied ;  this  press  is  mounted  on  a  small  carriage  and  held* 
by  two  eight-inch  screws  about  four  feet  above  the  floor,  which  are 
of  course  strained  in  compression  during  tensile  tests,  and  in  tension 
during  compression  tests.  When  the  stretch  of  the  material  has 
exhausted  the  throw  of  the  plunger  it  is  necessary  to  relieve  the 
strain,  draw  back  the  plunger,  and  move  the  carriage  along,  which 
is  done  by  nuts  turned  by  steam  working  on  the  large  screws. 
Every  specimen  placed  in  the  machine  must  be  lifted  above  the 
large  screws  and  lowered  into  position.  To  do  this,  crabs,  running 
on  travellers,  which  span  the  entire  room,  are  placed  over  the  ma- 
chine, and  by  these  the  specimen  can  be  lifted  and  put  in  place. 

The  actual  time  required  to  make  a  test  depends  largely  on  the 
amount  which  the  material  stretches,  but  it  may  generally  be  said, 
that  for  specimens  which  will  stretch  from  two  to  three  feet  the 
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actual  time  will  he  from  two  to  three  hours.  This  is,  perhaps,  as 
fost  as  tests  of  this  kind  should  be  made;  but  this  would  admit  of 
making  four  tests  per  day,  whereas,  the  actual  work  done  by  the 
machine  is  not  much  more  than  one  test  per  day,  nine  tests,  as  stated 
by  Mr.  Macdonald,  having  consumed  seven  and  one-half  days.  As 
the  machine  is  now  operated  its  actual  capacity  is  not  much  more 
than  three  hundred  and  fifty  tests  of  tension  members  per  year, 
while  it  should  be  twelve  hundred.  Compression  members  can  be 
more  rapidly  tested,  as  the  plunger-carriage  does  not  have  to  be 
moved.  To  get  tiie  full  work  out  of  the  machine  it  is  simply  necessary 
to  add  to  the  present  staff  of  skilled  men  a  force  of  unskilled  men 
who  shall  perform  the  different  kinds  of  manual  labor  required,  and 
get  specimens  ready  during  one  test,  so  that  the  second  specimen  can 
be  put  in  the  machine  as  soon  as  the  first  is  removed,  and  who  will 
perform,  after  and  before  the  regular  working  hours,  such  work  as 
does  not  require  the  immediate  supervision  of  the  skilled  men. 

The  actual  charge  for  use  of  the  machine  is  now  eighteen  dollars 
per  day,  besides  a  small  charge  for  preparing  the  report  on  tests, 
and  a  charge  for  whatever  expense  is  incurred  in  fitting  the  speci- 
mens. This  charge  is  a  very  reasonable  one,  and  in  the  case  of 
large  steel  specimens,  like  those  which  have  been  tested  for  me,  it 
amounts  to  about  one-quarter  the  total  expense  of  the  test ;  the 
value  of  the  bars  destroyed,  and  the  miscellaneous  charges  for 
transportation  and  the  like,  being  about  three  times  the  actual  charge 
for  the  test.  In  connection  with  a  piece  of  work  which  I  now  have 
in  hand,  I  have  already  had  thirteen  tests  made,  and  shall  have 
about  as  many  more  before  I  get  through,  so  that  the  tests  made  for 
this  single  structure  will  occupy  the  machine  for  about  one  month  as 
it  is  now  worked. 

As  tests  are  now  conducted,  the  record  of  tests  is  the  property  of 
parties  for  whom  they  are  made,  and  special  instructions  have  been 
given  to  prevent  these  tests  being  made  public.  To  secure  the  fullest 
benefit  of  this  machine  all  tests  made  ought  to  be  published  by  the 
officers  in  charge  for  the  benefit  of  all  who  take  an  interest  in 
them,  and  the  machine  should  be  worked  up  to  its  full  capacity. 
As  the  machine  is  the  property  of  the  General  Government,  even  if 
the  present  charge,  which  is  little  more  than  the  cost  of  working 
the  machine,  is  maintained,  the  general  public  are  justified  in  de- 
manding that  the  results  of  its  workings  shall  be  given  to  them. 

In  the  matter  of  the  use  of  steel  for  structural  purposes  this  ma- 
chine is  almost  indispensable.     The  two  points  which  must  be  con- 
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sidererl  in  introducing  a  new  material  for  structural  purposes  are, 
first,  its  capacity  for  use ;  and,  second,  its  ability  to  stand  abuse. 
The  capacity  for  use  is  measured  by  the  elastic  limit  of  the  material, 
which  is  the  real  measure  of  strength  to  which  the  factors  of  safety 
should  be  applied;  the  ability  to  stand  abuse  is  determined  by  the 
behavior  of  the  material  after  the  elastic  limit  has  been  passed;  and 
while  this  forms  no  measure  of  the  strains  which  may  be  put  upon 
the  material,  it  would  determine  absolutely  whether  the  material  is 
fit  for  structural  purposes  or  not.  A  material  like  glass,  which  is 
destroyed  as  soon  as  its  elastic  limit  is  passed,  is  wholly  unfit  to  sus- 
tain strains  in  construction.  The  old-fashioned  high-carbon  steels 
had  the  same  character,  and  the  material  now  demanded  for  struc- 
tural purposes  is  one  which  shall  stand  a  great  distortion  after  pass- 
ing the  elastic  limit  and  before  rupture.  The  machine  at  the  Water- 
town  Arsenal  is  the  only  one  now  in  existence  which  will  determine 
these  results  on  bars  of  the  size  which  it  is  desirable  to  use  in  struc- 
tures of  such  magnitude  that  it  is  important  to  use  steel  in  them. 

This  machine  has  a  capacity  of  800,000  pounds,  and  in  the  course 
of  my  experiments  I  have  had  occasion  to  work  it,  in  several  in- 
stances, to  nearly  700,000  pounds.  When  it  is  remembered  that  about 
two-thirds  of  the  whole  stretch  is  accomplished  during  the  applica- 
tion of  the  last  5000  pounds  per  square  inch,  and  that  this  stretch, 
and  the  reduction  of  section  at  point  of  fracture,  are  the  best  measures 
of  the  ability  of  the  material  to  stand  abuse,  the  importance  of  these 
tests  is  at  once  apparent.  Although  I  have  had  a  number  of  full- 
sized  steel  bars  strained  beyond  the  elastic  limit  in  other  machines, 
I  have  not  yet  found  a  machine  which  would  break,  or  even  develop 
any  considerable  part  of  the  stretch,  in  any  of  the  larger  sizes  of  the 
bars  w^hich  I  have  used. 

When  it  is  remembered  that  the  cost  of  making  steel  now  but 
slightly  exceeds,  and  will  probably  soon  be  less  than  the  cost  of 
makino;  wrought-iron,  and  that  the  elastic  limit,  which  is  the  true 
measure  of  strain  which  may  be  safely  applied,  is  about  one-half 
greater  even  in  the  lower  and  softer  steels  than  in  the  best  wrought- 
iron,  the  importance  of  a  complete  set  of  experiments  which  will 
develop  the  ability  of  steel  to  stand  abuse,  and  so  prove  its  adapta- 
bility to  the  purposes  for  which  wrought-iron  is  now  used,  can 
hardly  be  overestimated.  At  present  it  is  considered  best  to  limit 
its  use  to  those  parts  of  structures  which  are  least  liable  to  sudden 
shocks  and  irregular  strains,  though  it  can  hardly  be  doubted  that  a 
steel  will  soon  be  made  of  such  uniformity  and  toughness  that  it 
will  be  preferred  to  wrought-iron  for  all  uses. 
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Paper  by  Mr.  Percival  Roberts,  Jr. 

ON   SPECIFICATIONS   FOR   TESTING   IRON   AND   STEEL. 

I  desire  to  present  this  evening  a  few  notes  from  the  standpoint 
of  a  manufacturer  upon  the  subject  of  tests  of  iron  for  structural 
purposes ;  not  that  I  have  any  new  facts  to  which  to  call  your  atten- 
tion, but  rather  a  statement  of  a  few  of  the  objectionable  features  of 
the  present  modes  of  operation,  showing  the  absolute  necessity  of 
important  and  very  radical  changes.  At  the  present  time,  as  most  of 
you  are  well  aware,  proposals  for  materials  are  accompanied  by  cer- 
tain specifications  as  to  quality  and  tests  to  which  the  manufactured 
article  must  conform.  Evolved  in  many  cases  from  the  inner  con- 
sciousness of  some  one  more  expert  in  theory  than  in  practice,  we 
find  a  few  of  the  specifications  to  be  good,  many  bad,  and  some  in- 
different. 

Appended  are  specimens  of  specifications  of  the  most  prominent  en- 
gineers and  railroad  companies,  which  may  be  taken  as  representing 
the  best  and  most  intelligently  framed  specifications  which  we  now 
have,  and  yet  in  some  points  scarcely  satisfactory,  owing  to  misunder- 
standing of  tests  as  now  made.  To  show  the  very  varied  opinions 
held  as  to  proper  quality  of  iron  for  bridge-work,  I  give  the  tests  of 
two  lots  of  iron  made  by  inspectors  with  the  results,  which  were  re- 
ferred to  the  maker  with  the  following  comments : 

Lot  No.  1. 
Test  of  Iron  for  Eyebars. 

Reduced  area.  Elongation.  » 

Size.  Per  cent.  Per  cent.  Breaking  load. 

4^^  X  1^^  26  25  63,500 

Bent  120°  around  XV^  bar  with  fracture. 

Reduced  area.  Elongation. 

Size.  I'er  cent.  Per  cent.  Breaking  load. 

^//  X  ^iV^  24  24  48,820 

Bent  110°  around  2"  bar.     This  iron  should  bend   180°  without  fracture, 

and  is  tliereforo  rejected. 

Lot  No.  2. 

Test  of  Iron  for  Bridge.     All  nieosw^ements  taken  upon  a  parallel  section  of  10'^. 
Iron  for  tension  members. 

Breaking  load  Elongation. 

Size.  per  square  inch.  Per  cent. 

1|  49,600  20 

l\  61, GOO  27 
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Breaking  load  Elongation. 

Size.                                            per  square  inch.  Per  cent. 

■      3.}  X  1                                            49,500  '                            20 

3J  X  H                                        48,320  20.5 

3.}  X  i                                           48,000  13.1 

si  X  1                                           48,000  25 
The  bnr-iron  was  all  too  soft,  hence  lacked  strength.     Tests  showed  this ;  they 
bent  120°  without  fracture. 

From  the  above  we  may  see  the  very  different  opinions  of  engi- 
neers with  regard  to  the  qualities  suitable  for  structural  material. 

Again,  to  illustrate  the  very  peculiar  position  in  which  manufac- 
turers are  placed  by  this  conflict  of  opinion,  let  me  quote  from  the 
charge  of  Judge  McKennan  to  the  jury  in  a  case  brought  before  the 
United  States  Circuit  Court,  growing  out  of  a  condemnation  of 
material  furnished  by  the  Messrs.  Atkins,  of  Pottsville,  to  the  Edge 
Moor  Iron  Company  for  the  New  York  Elevated  Railroad.  I  quote 
as  follows  :  "There  is  no  doubt  about  the  fact  that  this  iron  was  to 
be  used  in  a  structure  of  a  particular  character;  that  it  was  a  par- 
ticular kind  of  iron,  and  that  certain  qualities  were  essential  to  the 
value  of  it  in  such  use.  It  will  hardly  be  said  that  a  man  who  was 
making  a  contract  for  angle  iron  of  certain  dimensions,  and  was  told 
that  it  was  to  be  u.sed  in  a  particular  construction,  such  as  this,  for 
instance — over  which  it  was  to  bear  heavy  weights,  over  which 
locomotives  and  passenger  trains  were  to  be  carried — it  would  hardly 
be  fair  to  assume  that  the  parties  intended  that  iron  which  would  be 
suitable  for  use  in  a  bridge  over  which  people  were  to  walk  merely, 
was  intended.  Therefore,  it  is  that  the  rule  which  I  have  stated  is 
founded  upon  sound  common  sense ;  that  where  parties  come  together 
aiul  make  a  contract  in  reference  to  a  particular  thing,  and  they  both 
understand  that  it  is  intended  for  a  particular  use,  that  something' 
which  is  not  at  all  adapted  to  that  use  is  not  to  be  supposed  to  have 

been  the  subject  of  the  contract  between  the  parties In  a 

bargain  and  sale  of  an  unmanufactured  article,  which  the  seller  is 
informed  at  the  time  of  the  contract  is  intended  for  a  special  purpose, 
there  is  an  implied  warranty  that  the  article  to  be  furnished  is  fit  for 
the  special  purpose  intended  by  the  buyer.     In  such  case  the  buyer 

necessarily  trusts  to  the  judgment  or  skill  of  the  manufacturer 

The  law  implies  a  warrant  on  the  part  of  these  plaintiffs  that  the 
iron  furnished  by  them  under  their  contract  should  be  adapted,  in 
quality  and  otherwise,  to  such  intended  use;  ....  I  do  not  under- 
stand that  there  is  a  serious  contest  here  as  to  the  quality  of  this 
iron.     It  was  merchantable  iro7i." 

Here  we  have  it  distinctly  set  forth,  that  there  being  no  written 
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or  express  ao;reenient  between  the  parties  as  to  the  quality  of  the 
iDuterial,  it  nuist  be  i'urnishcd  suitable  for  its  intended  use.  But 
who  is  the  judge  of  its  fitness  ?  What  is  the  criterion  of  its  quality 
when  we  are  dependent  upon  a  standard  as  shifting  as  opinion,  with- 
out j)r()of,  can  make  it? 

To  illustrate  once  more  a  difficulty  which  at  present  occurs,  I 
give  in  the  accomj)anying  table  a  memorandum  of  tests  made  upon 
some  flat  12"  wide  bars  which  were  intended  to  meet  requirements 
of  Pennsylvania  Railroad  specifications,  namely :  Ultimate  tensile 
strength,  46,000  lbs.;  elastic  limit,  23,000  lbs.;  stretch,  15  percent, 
in  8".  Two  bars  12"  X  |"  and  one  bar  12"  X  |"  being  taken  at 
random  from  a  large  number,  a  jiiece  10  feet  long  was  cut  from  each 
one  and  sent  to  Watertown  Arsenal.  From  each  one  also  a  piece 
IG"  long  was  taken,  and  divided  up  the  centre,  iialf  being  sent  to 
Fairbanks,  and  remainder  retained  at  the  Fencoyd  Iron  Works. 
From  each  of  these  pieces,  namely,  6"  X  |"  and  6"-  X  |",  five  test- 
pieces  were  cut,  being  about  1"  wide,  and  tested  with  results  shown 
in  followiny;  table : 


Tensile  Tests  of  12-mc/i  Iron  Flat  Bars. 
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In  these  results  we  see  a  great  want  of  uniformity.  By  the  Water- 
town  tests  the  bars  would  be  accepted,  while  by  the  Fairbanks  tests 
two  would  be  rejected.  Some  pieces,  by  the  Pencoyd  test,  would  be 
accepted,  while  others,  taken  beside  them,  would  be  rejected.  The 
elastic  limit  in  both  the  Fairbanks  and  Pencoyd  results  is  probably 
too  high,  owing  to  the  method  of  observation.  The  12"  X  h"  bar 
at  Watertown  broke  through  a  blister  which  opened  at  31,000  lbs. 
per  square  inch,  which  accounts  for  the  low  tensile  strength  of  this 
bar. 

We  have,  as  it  were,  tested  chips,  and  from  them  deduced  the 
strength  of  timbers.  Small  samples  of  one  square  inch  area  or  less, 
and  a  few  inches  long,  have  given  us  all  we  know  of  sections  for 
structures  of  many  times  that  area  and  length.  It  may  be  well  laid 
down  as  a  law,  that  in  bars  of  iron,  whether  round,  flat,  or  square, 
the  element  of  non-uniformity  varies  as  the  square  of  the  sectional 
area.  It  is  generally  considered  that  iron  of  good  average  quality 
is  capable  of  sustaining  an  ultimate  stress  of  50,000  lbs.  per  square 
inch.  A  bar  of  a  sectional  area  of  one  square  inch  should,  and  no 
doubt  will,  stand  the  above,  but  we  err  in  concluding  that  a  bar  of 
six  square  inches  will  sustain  a  corresponding  stress.  There  is  one 
point  which  cannot  be  too  strongly  urged  upon  all  those  who  employ 
wrought-iron  for  structural  purposes,  and  that  is  to  pay  especial  at- 
tention to  the  shape  of  the  section  upon  which  they  are  calculating 
strains.  The  bar  of  one  square  inch,  whether  round,  flat,  or  square, 
Avill  give  probably  the  same  result,  but  put  the  same  quality  of  iron 
into  a  wide,  thin  plate,  angle  or  channel,  and  a  very  different  result 
may  be  obtained.  It  is,  I  think,  much  the  same  as  if  the  material 
of  a  rope  was  placed  in  such  a  form  that  all  the  fibres  did  not  sus- 
tain an  even  share  of  the  strain,  and  consequently,  some  being  over- 
taxed, yielded  first,  causing  rupture  at  a  lower  stress  than  had  the 
fibres  all  borne  an  equal  proportion  of  the  load.  We  pay  too  great 
attention  to  ultimate  breaking  strength  at  the  expense  of  the  other 
far  more  important  qualities  of  elastic  limit,  reduction  of  area,  and 
stretch.  For  if  we  strain  a  piece  beyond  its  limit  of  elasticity  it  is 
only  a  question  of  time  when  its  failure  will  occur. 

I  have  very  hurriedly  and  imperfectly  shown  a  few  of  the  dis- 
advantages under  which  both  the  buyer  and  the  manufacturer  labor 
at  the  present  day,  owing  to  the  methods  of  testing  now  employed. 
Where  shall  we  look  for  a  remedy  ?  I  answer  that  government  test- 
ing-machines, such  as  the  one  now  at  Watertown,  capable  of  testing 
the  largest  sections  of  iron  and  steel,  both  rolled  and  forged,  should  be 
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erected  at  the  principal  nianufactnrino;  centres.  Tests  could  then  be 
made  quickly,  as  the  material  is  furnished  by  the  mills.  The  testing 
also  will  be  in  the  hands  of  competent  persons,  who,  engaged  in  this 
work  alone,  will  be  much  better  fitted  to  conduct  tests  than  those  who 
now  in  many  cases  undertake  them.  Upon  these  machines  let  experi- 
mental researches  be  conducted  by  properly  appointed  commissioners, 
among  whom  I  deem  it  very  essential  that  the  manufacturer  should 
be  represented.  To  the  engineer  no  doubt  belongs  the  determining 
of  strains  and  the  calculation  of  parts,  but  very  many  questions  will 
arise  in  the  course  of  these  investigations  which  can  best  be  answered 
by  those  thoroughly  acquainted  with  the  practical  details  of  manu- 
facture. As  one  of  the  results  of  these  researches  I  would  suggest 
the  framing  of  a  standard  set  of  specifications  for  tests  to  which  iron 
and  steel  for  structural  purposes  should  be  subjected.  We  have  our 
standard  weights  and  measures,  why  not  our  standard  tests?  I  be- 
lieve by  so  doing  a  better  manufactured  article  would  be  obtained, 
as  the  mixtures  of  iron  would  not  be  continually  changed  to  give 
here  a  little  more  elasticity,  and  there  a  trifle  less  stretch.  This 
matter  of  government  action  is  one  of  vital  importance.  Year  by 
year  the  employment  of  metal  in  place  of  wood  for  structural  pur- 
poses is  increasing  in  an  enormous  ratio,  and  we  are  ignorant,  very 
ignorant,  of  the  qualities  of  the  metal  we  are  using,  and  the  strains 
which  it  will  sustain.  The  thrilling  story  of  a  bridge  disaster 
bears  more  eloquent  testimony  to  this  fact  than  any  words  of  mine. 
It  is  not  in  the  interest  of  any  one  section  of  country  or  class  of 
people  that  the  aid  of  the  government  is  invoked.  The  expense  to 
be  incurred  in  these  investigations  is  far  too  great  for  any  individual 
corporation  to  bear,  and  the  knowlege  to  be  gained  belongs  to  the 
nation.  The  citizen  of  San  Francisco  who  travels  to  New  York 
is  as  much  interested  in  the  safety  of  each  bridge  upon  his  route  as 
he  who  lives  beside  it  all  his  life.  A  beginning  has  been  made,  the 
testing-machine  now  in  operation  at  the  Watertown  Arsenal  is  a 
grand  monument  to  American  engineering,  and  is  it  to  be  but  labor 
wasted  ?  I  feel  that  this  whole  matter,  if  placed  before  Congress  in 
its  proper  light,  would  result  in  prompt  and  intelligent  action. 

Remarks  of  Mr.  William  Metcalf. 

One  point  of  vital  importance  has  not  been  touched  upon  this 
evening;  it  is  the   necessity  of  having  a  history  of  the   mode  of 
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manufacture  of  material  tested,  before  an  engineer  can  make  safe  and 
intelligent  specificatione. 

When  a  person  buys  material  of  a  known  brand,  the  manufacturer 
will  properly  decline  to  say  what  raw  materials  he  used,  their  pro- 
portions, or  the  way  in  which  he  worked  them,  because  his  com- 
petitors would  seize  upon  such  facts  and  use  them  to  his  disadvantage. 
For  this  reason  all  private  records  of  tests,  either  of  manufacturers, 
constructing  engineers,  or  others,  are  seriously  defective. 

There  is  at  present  no  way  for  an  engineer  to  learn  how  to  specify 
the  way  in  which  his  material  shall  be  worked,  based  upon  any  well- 
known  general  principles,  and  there  is,  consequently,  no  way  for  him 
to  know,  within  bounds  of  reasonable  certainty,  the  quality  of  his 
material  except  by  testing  each  piece  to  ultimate  rupture.  To  illus- 
trate:  the  only  gun  that  burst  in  proof  of  several  thousands  made  at 
the  Fort  Pitt  Foundry,  gave  in  tests  :  specific  gravity  about  7.26; 
tensile  strength  about  35,000  pounds  per  square  inch.  I  speak  from 
memory,  but  the  figures  are  very  nearly  right.  This  gun  was  thus 
about  perfect  in  physical  tests,  it  was  a  sound  casting,  showing  no 
porosity  or  flaws,  and  it  was  impossible  for  the  inspecting  officers  to 
know  the  cause  of  failure.  The  founders  knew  exactly  the  cause  of 
the  trouble,  and  no  more  such  guns  were  made.  Again,  in  the  case 
of  the  large  steel  anchor-bolts  for  the  St.  Louis  bridge :  some  of  them 
broke  at  from  28,000  pounds  to  35,000  pounds  per  square  inch,  and 
test  pieces  from  these  broken  bolts  gave  a  tensile  strength  of  about 
115,000  pounds  per  square  inch.  The  engineers  and  contractors 
were  thoroughly  puzzled  until  a  friend  told  them  that  the  steel  was 
undoubtedly  good,  but  that  internal  strains  had  been  set  up  in  the 
manufacture,  and  that  it  was  probable  that  careful  annealing  would 
remove  the  trouble.  I  do  not  know  what  was  done  in  this  case,  but 
after  that  time  there  were  no  more  failures  of  that  sort. 

A  commission,  such  as  is  now  proposed,  could  go  to  a  manufacturer 
and  ask  him  to  make  certain  pieces  from  given  raw  materials  to  be 
worked  in  specified  ways,  a  complete  history  of  the  manufacture  to 
be  kept  and  sent  to  the  board  with  samples  of  raw,  partially  worked, 
and  finished  product.  No  person  would  object  to  doing  this,  as  it 
would  not  involve  the  giving  up  of  any  trade  secrets  ;  and  in  this 
way,  and  this  only,  can  engineers  ever  learn  to  avoid  the  most 
serious  dangers  to  which  they  are  now  exposed. 
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Communication  from  Mr.  C.  P.  Sandberg.* 

(Sent  to  the  Secretary  in  manuscript  subsequent  to  the  Wasliington  Jleeting.) 

Havino  been  occupied  in  inspecting  and  testing  iron  and  steel 
these  twenty  years  in  England,  and  previous  to  that  having  served 
on  the  Board  of  Iron  Masters  in  Sweden,  I  have  naturally  been 
very  mucii  interested  in  the  subject  of  the  use  of  steel  for  structures. 
I  regret  that  I  can  offer  but  comparatively  small  experience  on  that 
head,  having  had  principally  to  do  with  steel  for  railway  plant  and 
rails,  but  granting  these  to  be  a  kind  of  "structure,"  and  also  that 
steel  for  rails  has  similar  duties  to  perform  in  many  respects,  and 
is  generally  manufactured  in  the  same  way  and  at  the  same  works 
as  steel  for  structures,  properly  speaking,  I  may  be  entitled  to  offer 
an  opinion  on  the  use  of  steel  in  construction.  In  a  paper  recently 
presented  to  the  Institution  of  Civil  Engineers  in  London,  Mr. 
Ewing  Matheson  has  recommended  that  the  Board  of  Trade  rules 
should  be  amended  so  as  to  allow  of  a  maximum  straining  of  8  tons 
per  square  inch  instead  of  6h  tons.  But  it  is  equally  necessary  to 
fix  the  amount  of  ductility  or  elongation  of  the  metal  for  such  a 
strain  as  8  tons.  Strength  and  ductility  should  always  be  spoken  of 
together. 

Mr.  Matheson  says  that  steel  can  be  manipulated  in  the  factory 
in  the  same  way  and  with  the  same  tools  as  are  used  for  iron.  This 
can  only  be  granted  for  mild  steel,  for  hard  steel  would  be  si)oilt  by 
the  rough  mechanical  treatment  which  iron  can  stand,  such  as  punch- 
ing, for  instance;  and  the  remedy  for  regaining  the  strength  lost  by 
punching  hard  steel,  viz.,  annealing,  cannot  always  be  applied.  Noth- 
ing proves  this  fact  better  than  the  punching  of  steel  rails  of  consid- 
erable hardness,  which  caused  fractures  at  an  early  ])eriod  of  stee?- 
rnaking,  and  which  resulted  in  the  stipulation  for  driUing  instead  of 
punchivg  the  bolt-holes,  which  had  been  formerly  applied  to  iron  rails 
witiiout  any  damage.  In  fact  commissions  to  establish  standard  tests 
are  now  working  on  the  Continent,  principally  in  Germany,  where 

*  It  is  an  interesting  coincidence  that  about  the  same  time  of  the  discussion  at 
the  Wasliliij^ton  meeting  of  the  Institute  of  "Iron  and  Steel  considered  as  Structu- 
ral Materials,"  the  sulyect  of  "Steel  for  Structures,"  introduced  l)y  a  paper  by  Mr. 
K\vin>,f  Matheson,  was  under  discussion  in  the  Institution  of  Civil  Knsiueers  in 
London,  The  remarks  herewith  presented  to  the  Institute  are,  in  the  main,  the 
same  as  those  made  in  the  discussion  of  Mr.  Matheson's  paper,  but  as  tiiis  discus- 
sion may  not  be  seen  generally  by  my  fellow-members  of  the  American  Institute  of 
Mining  Engineers,  I  desire  to  contribute  the  results  of  my  experience  also  to  the 
Transactions  of  tlie  Institute. — C.  P.  S. 
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the  government,  having;  taken  possession  of  the  chief  railways  of 
the  country,  are  laying  down  laws  almost  impossible  for  the  makers 
to  fulfil.  It  is  only  a  fortnight  since  the  question  was  under  dis- 
cussion at  Berlin,  where  a  paper  was  read  by  Dr.  Wedding  (of 
which  a  resume  is  published  in  a  recent  issue  of  Siahl  und  Eisen), 
under  the  title  Classification  and  Specification  for  Iron  and  Steel. 

The  main  point  of  the  German  specification  is  that  every  charge 
or  blow  should  be  tested  for  tensile  strength,  but  not  accepted  by 
the  inspector  at  the  works,  but  by  the  railway  directors  themselves 
after  their  own  testing,  by  which  system  great  delay  and  other  in- 
conveniences in  the  execution  of  the  order  are  caused,  resulting 
son)etimes  even  in  the  rejection  of  large  quantities  at  the  final  in- 
spection on  arrival  at  destination.  This  the  makers  naturally  think 
unreasonable. 

An  illustration  of  the  tensile-strength  test  being  applied  to  railway 
structures  of  steel,  as  the  principal  guarantee  for  safety,  with  neglect 
of  a  test  for  concussion  or  impact,  is  just  at  present  to  be  seen  in 
Germany.  The  railway  authorities  complain  of  more  fractures 
there,  and  have  in  fact  fixed  a  price  for  the  best  invention  for  hold- 
ing a  broken  tire  to  the  wheels,  so  that  it  will  not  fly  and  cause  acci- 
dents; and  they  state  themselves  that  in  cold  winters  heavy  breakages 
of  the  steel  occur  in  rails,  axles,  and  tires,  notwithstanding  that 
their  steel  has  undergone  test  for  tensile  strength.  On  the  other 
hand  the  makers  complain  bitterly  against  this  mode  of  testing,  as 
being  slow  and  costly.  On  analyzing  the  steel  it  is  generally  found 
that  silicon  and  phosphorus  are  present  in  large  quantities,  but  as 
the  carbon  is  low,  considerable  tensile  strength  and  elongation  can 
still  be  obtained.  What  better  proof  can  be  needed  on  a  large  scale 
of  the  inefficiency  of  the  tensile-strength  test  of  steel  for  cases  where 
concussion  is  to  be  endured?  I  have  inspected  rails  with  satisfaction 
for  countries  with  far  more  rigorous  climates  than  Germany,  for  in- 
stance Russia  and  Sweden,  using  the  drop  test  only,  neglecting  the 
tensile  strength. 

In  America  the  control  and  inspection  of  the  quality  of  steel  is 
overdone  in  another  direction,  viz.,  by  chemical  analysis,  so  that 
steel,  even  for  rails,  is  now  nearly  always  chemically  analyzed  and 
the  composition  stipulated  in  contracts.  I  have  had  ample  experi- 
ence to  enable  me  to  say  that  both  these  methods  are  impracticable 
as  proposed  in  Germany  and  America  for  rails,  and  that  a  strict  in- 
spection with  the  heavy  falling  or  drop  test  at  the  works  is  quite 
sufficient  both  for  economy  and  safety.    But  working  particularly  for 
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America,  I  liave  been  obliged  to  ac^commodate  myself  to  the  stij)ii- 
latioiis,  and  I  have  analyzed  steel,  both  for  rails  and  for  blooms,  in 
conj unction  with  makers.  I  have  made  in  my  own  laboratory  more 
•than  800  analyses,  during  the  last  twelve  months,  of  steel  from  all 
the  principal  makers  in  Great  Britain  and  Germany;  and  have  estab- 
lished a  system  of  combined  mechanical  and  chemical  testing,  which 
is  at  least  workable  or  practical  as  a  sort  of  combined  control,  run- 
ning regularly  with  the  production,  without  interfering  more  than  is 
necessary  with  the  execution  of  the  contracts. 

This  system  consists  in  the  resident  inspector  at  the  works  testing 
the  product  mechanically,  generally  with  the  falling  weight.  Then 
borings  are  taken  from  the  very  spot  where  the  steel  has  been  tested, 
and  these  borings  are  divided  between  the  makers  and  myself  for 
chemical  analysis.  It  is  a  great  satisfaction  for  me  to  state  that 
the  results  almost  invariably  agree.  This  is  the  very  best  proof  of 
how  well  chemistry  is  now  applied  at  almost  every  steel  works,  and 
reflects  great  credit  upon  the  Royal  School  of  Mines,  where  most  of 
these  chemists  have  received  their  training,  under  the  guidance  of 
Dr.  John  Percy,  who  has  also  greatly  contributed  to  our  knowledge 
of  steel-making  processes  through  his  works  on  iron  and  steel. 

The  suggestion  of  supervision  of  the  whole  manufacture,  in  order 
to  see  that  there  are  used  suitable  ores,  pure  fuel,  and  material, 
through  the  various  processes,  I  would  venture  to  disapprove.  I 
think  any  interference  with  the  maker  in  this  respect  would  be 
almost  worse  than  the  American  or  German  methods  of  testing  the 
ready  product;  and  although  the  maker  should  give  every  fa- 
cility at  the  works  to  execute  specified  tests,  he  should  at  least  be 
left  free  in  choosing  his  own  raw  material  and  the  mode  of  working 
it,  so  as  to  attain  the  desired  end.  I  have  always  held  that  in  test- 
ing an  article  the  modus  operandi  should,  if  possible,  be  adapted  to 
the  i'unctions  it  has  to  jierform  in  practice,  such  as  tensile  strength 
and  ductility  for  structures  of  dead  load,  density  and  homogeneous- 
ness  for  abrasion,  tenacity  for  concussion,  etc. 

Bridges  having  to  support  trains  running  with  anything  like 
speed  are  exposed  to  concussion,  therefore  the  material  in  them 
should  be  tested  for  concussion,  just  as  are  rails  and  axles  and  tires. 
This  is  all  the  more  necessary,  as  steel,  with  an  excess  of  silicon  and 
])hosi)horus,  will  roll  aj)parently  well  and  even  give  pretty  good  results 
in  tensile  strength  if  the  carbon  is  at  the  same  time  low.  Such  steel 
would,  in  rails,  be  almost  superior  to  the  ])urc  steel.  1  have  had, 
for  the  [)urp()se  of  comparing  wearing  results,  Bessemer  steel   rails 
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made  in  Sweden  of  their  pure  material,  laid  down  here  in  London, 
and  found  tiiem  not  so  durable  as  those  made  in  England,  notwith- 
standing the  latter  were  more  iraj)ure.  Happily,  however,  for  the  im- 
pure steel  rails,  there  is  but  little  work  put  on  them  before  they  are. 
laid  that  is  apt  to  impair  their  strength.  But  very  different  results 
might  be  obtained  if  the  same  material  were  used  for  structures  in 
which  it  had  to  undergo  the  barbarous  treatment  of  punching,  slot- 
ting, and  bending  cold,  before  coming  into  its  place.  It  would  be 
better  if  the  deficiency  in  strength  was  discovered  by  fracture  occur- 
ring in  any  of  these  operations  than  if  it  stood  them  and  afterwards 
failed  as  a  member  of  the  structure. 

But  in  large  practice  only  a  small  percentage,  taken  at  random, 
can  be  tested,  and  the  inspector  will,  of  course,  have  to  rely  upon 
the  bulk  being  like  the  sample  tested,  or,  in  fact,  upon  the  regularity  of 
the  production.  Now  there  has  been  no  doubt  great  progress  made 
in  steel-making  as  regards  regularity,  but  perfection  is  still  not 
reached,  as  every  engineer  knows,  without  perhaps  knowing  the 
reason.  For  instance,  in  the  Bessemer  process  it  is  necessary  that 
the  proper  raw  material  should  be  used  as  far  as  the  phosphorus  goes 
(which  makes  steel  cold-short,  and  therefore  should  not  be  used  in 
higher  degree  than  what  is  anticipated  to  remain  in  the  steel).  Sili- 
con is  a  more  frequent  cause  of  irregularity,  for  even  with  the  uniform 
contents  of  silicon  in  the  pig-iron  used,  the  heat  during  the  blow  de- 
cides whether  the  whole  of  the  silicon  goes  into  the  slag  as  silicate  of 
iron,  or  only  a  part  of  it.  There  is  no  sign,  excepting  the  heat  of 
the  charge,  to  guide  the  maker  when  the  silicon  is  out,  as  there  is 
with  the  carbon,  consequently  the  amount  of  silicon  in  the  ordinary 
Bessemer  steel  may  vary  considerably  without  any  sign  in  the  process 
to  indicate  it ;  and,  admitting  that  it  is  a  hardening  substance,  par- 
ticularly when  it  amounts  to  0.25  per  cent,  or  more,  it  is  the  most 
prevalent  cause  of  irregularity  in  the  hardness  of  Bessemer  steel. 

I  pointed  this  out  in  a  paper  read  before  the  Institution  of  Civil 
Engineers  fourteen  years  ago,*  and  it  seems  strange,  with  all 
the  advancements  in  Bessemer  steel-making,  that  such  a  cardinal 
fault  should  not  have  been  overcome  in  that  long  time.  Until  there 
be  a  means  of  knowing  how  much  silicon  is  blown  out  (like  the 
carbon),  before  the  steel  is  tapped,  I  fear  the  regularity  of  Bessemer 
steel  will  always  be  more  or  less  uncertain.  Granting  that  it  has 
lately  become  more  regular  through  using  less  silicious  j)ig  to  start 

*  Minutes  of  Proceedings,  volume  xxvii.,  page  408. 
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with,  and  maintaining  a  more  uniform  heat,  still  one  blow  might 
give  only  a  trace  of  silicon,  and  the  following  one  0.50  per  cent.,  and 
even  0.75  per  cent,  with  the  same  carbon  and  other  constituents,  and 
there  is  no  means  of  knowing  that  this  is  the  case  from  any  sign  in 
the  working  of  the  process  until  the  product  is  tested  mechanically 
and  chemically.  Blowing  a  little  longer  will  not  always  reduce  the 
silicon,  but  rather  cooling  the  charge  by  letting  it  stand,  or  throwing 
in  coUl  crop-ends  or  ingots  so  as  to  obtain  a  semifluid  bath,  which 
allows  the  slag  to  be  intimately  mixed  with  the  metal ;  when  the 
metal  is  quite  fluid,  and  the  slag  flows  on  the  top,  you  may  blow  a 
long  time  without  any  silicon  going  out. 

It  is  almost  certain  that  the  carbon  in  the  molten  pig  iron  in  the 
Bessemer  vessel  is  oxidized  from  the  action  of  the  slag  and  not  from 
the  oxygen  from  conijjressed  air.  In  fact  the  same  chetnical  action 
takes  place  in  the  oxidation  of  carbon  and  silicon  as  in  the  puddling 
or  in  the  open-hearth  process,  as  explained  by  Professor  Sefstrom  in 
the  School  of  Mines  of  Fahlun,  forty  years  ago.  Hence  the  necessity 
of  the  thorough  admixture  of  the  metal  and  slag,  which  can  only 
exist  in  the  semifluid  state  of  the  metal,  before  any  combustion  of 
carbon  or  silicon  can  take  place.  I  have  oidy  mentioned  this  to 
show  one  of  the  principal  difficulties  which  makers  have  to  con- 
tend with  in  obtaining  regularity  in  the  hanbiess  of  Bessemer 
steel. 

On  the  other  hand,  experience  shows  that  a  certain  amount  of 
silicon  is  a!)solutely  necessary  to  give  solidity  to  the  ingot,  and  judg- 
ing from  experience,  derived  from  the  comparison  of  hundreds  of 
analyses  with  the  ordinary  insi)ection  and  mechanical  testing,  I 
would  state  that  0,10  per  cent,  is  the  minimum  amount  of  silicon 
which  should  exist  in  solid  steel  ingots  suitable  for  rolling  into  clean 
rails,  angles,  or  any  ordinary  flange  sizes,  and  that  anything  under 
this  amount,  as,  say  0.04  percent.,  according  to  Dr.  Dudley's  formula 
for  rail-steel,  gives  blistering  ingots  and  double  the  amount  of 
wasters  in  the  finished  article.  Silicon  is  needed  to  absorb  the  oxide 
of  iron,  which  otherwise  causes  cracks  in  rolling,  produced  by  over- 
blowing. 

The  best  proof  of  this  statement  is,  that  the  only  complaint  which 
I  have  had  of  blooms  inspected  for  American  railmakers,  has  been 
that  they  are  giving  more  wasters,  where  the  silicon  is  low,  through 
cracks  in  rolling.  I  have  also  had  the  same  experience  in  my 
own  rail  inspection  when  the  steel  has  less  than  0.10  per  cent,  of 
silicon. 
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As  far  as  I  hav^e  been  able  to  judge  by  mechanical  testing,  com- 
bined with  chemical  analysis,  such  steel  shows  little  or  no  diminu- 
tion in  strength  or  ductility  with  0,10  per  cent,  of  silicon.  This 
is  confirmed  best  by  the  fact  that  steel  for  guns  is  sometimes  allowed 
this  amount  of  silicon  in  order  to  start  with  solid  ingots;  and  I 
would,  for  the  same  reason,  as  far  as  structures  go,  venture  to  ac- 
cept steel  with  0.10  per  cent,  and  for  rails  0.25  per  cent,  of  silicon 
without  risk  of  breaking,  and  should  be  quite  content  if  I  could 
be  sure  of  always  obtaining  no  greater  variation  in  cases  where  the 
carbon  and  phosphorus  are  low. 

I  regret  that  I  cannot  give,  without  breach  of  confidence,  the 
analyses  made  in  my  laboratory  in  the  course  of  my  practice  as  in- 
spector, but  I  may  mention  the  extreme  limits  of  each  impurity  out 
of  more  than  eight  hundred  analyses,  of  which  a  very  large  portion 
has  been  checked  by  the  makers  themselves  working  upon  the  same 
borings,  which  were  all  taken  by  my  own  assistants  from  mechani- 
cally-tested steel  at  the  works. 

Carbon  may  be  taken  as  a  medium  at  0.25  per  cent.,  yet  0.40  per 
cent,  is  steel  of  average  hardness.  Outside  of  these  limits  17  per  cent, 
of  the  analyses  gave  lower,  and  9  per  cent,  higher  carbon  out  of  891 
analyses;  thus  showing,  even  with  this  great  toleration,  from  0.25 
to  0.40  per  cent.,  a  large  quantity  of  overblown  or  softer,  and  also 
of  underblown  or  harder  steel  than  the  stipulated  range. 

Silicon. — Allowing  a  variation  from  0.05  per  cent,  to  0.25  per 
cent.,  I  have  found  20  per  cent,  under  and  12  per  cent,  over  these 
limits  out  of  824  analyses,  showing  much  greater  variation  than  the 
carbon,  and  thus  adding  materially  to  the  irregularity  of  Bessemer 
steel.  If  0.10  per  cent,  is  taken  as  minimum  50  percent,  of  the 
tests  show  less  silicon. 

Phosphorus. — Allowing  0.05  to  0.10  per  cent,  as  the  variation  for 
ordinary  Bessemer  steel,  there  have  been  11  per  cent,  with  less  con- 
tents than  the  minimum,  and  23  per  cent,  with  more  than  the  max- 
imum out  of  851  analyses  made. 

Sulphur. — Taking  the  average  variation  to  be  0.03  to  0.06  per 
cent.,  there  have  been  20  percent,  with  less  than  the  minimum,  and  24 
per  cent,  with  more  than  the  maximum  ;  but  this  impurity  is  of 
more  interest  to  the  maker  than  the  consumer,  having  the  effect  of 
making  the  steel  red-short. 

3Ianganese. — Taking  the  average  variation  to  be  between  0.5  and 
0.8,  there  have  been  31  per  cent,  under  the  minimum,  and  32  per 
cent,  above  the  maximum,  out  of  329  analyses  made. 
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Admitting  tliat  each  of  these  substances  present  in  the  steel  in 
amounts  beyond  the  average  variation  above  stated  is  exceptional, 
and  that  some  makers,  and  even  countries,  are  producing  a  purer 
and  more  regular  steel  than  others,  still  these  figures  will  speak  for 
themselves  as  to  the  regularity  of  the  composition  of  Bessemer  steel. 
They  show  how  much  more  is  to  be  desired  in  this  direction,  and 
also  how  great  variations  in  chemical  composition  can  be  tolerated 
without  any  risk.  This  is  especially  true  of  rails,  for  which  these 
analyses  have  been  made,  in  connection  with  mechanical  tests,  which 
the  rails  have  all  withstood  in  sufficient  degree  for  safety. 

These  results  indicate  greater  regularity  in  the  Siemens  than  the 
Bessemer  steel,  probably  because  of  the  greater  time  allowed  for  test- 
ing before  tapping.  This  also  applies  to  basic  steel,  which  is  com- 
paratively free  from  silicon,  as  is  also  Siemens  steel. 

As  Mr.  Matheson  suggests  that  all  possible  modes  of  testing 
should  be  applied  to  reach  a  proper  classification  of  the  metal,  and 
to  obtain  the  required  degree  of  hardness  for  each  particular  purpose, 
I  am  surprised  that  he  has  not  mentioned  the  chemical  mode  of  test- 
ing for  steel  in  structures,  which  I  have  been  forced  to  adopt  for  rails 
a  great  deal  more  than  I  desire,  and  even  more  than  I  think  neces- 
sary for  that  article.  But  I  cannot  deny  that  chemistry,  applied  in 
conjunction  with  mechanical  testing  of  steel,  has  thrown  a  remark- 
ably lucid  light  upon  the  whole  subject,  in  explaining  why  such  and 
such  phenomena  occur;  and  as  chemistry,  from  the  beginning  of  steel- 
making,  has  been  an  assistance,  and  is  still  a  great  assistance  to  the 
maker,  it  may  be  of  equal  value  to  the  engineer  or  consumer.  But 
there  is  the  danger  of  overdoing  it,  as  has  been  done  in  America,  by 
stipulating  fixed  formulas,  which  hardly  any  one  can  fulfil,  and  which 
are  not  at  all  necessary. 

In  conclusion,  I  wish  to  say  that,  while  the  American  steel-makers, 
as  well  as  those  in  Germany,  unite  in  suggesting  practical  normal 
methods  to  engineers,  and  in  resenting  any  undue  and  impracticable 
modes  of  testing  steel,  those  of  Great  Britain  have  not  done  so  yet. 
This  is  the  more  remarkable,  since  their  Iron  and  Steel  Institute,  as 
a  body  representing  the  steel  trade,  affords  them  every  opportunity 
of  suggesting  normal  or  standard  methods,  which  might  be  of  great 
practical  value  to  producers  as  well  as  to  consumers  of  the  new  metal 
steel. 
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THE  MINING  WOBK  OF  THE  UNITED  STATES  GEOLOGI- 
CAL SURVEY. 

BY  S.    F.    EMMONS,    WASHINGTON,  B.C. 

In  the  year  1879,  Congress,  acting  under  the  advice  of  the  Na- 
tional Academy  of  Sciences,  discontinued  the  temporary  surveys  or 
explorations  under  Hayden,  Powell,  and  Wheeler,  and  established 
as  a  permanent  organization  the  United  States  Geological  Survey, 
making  it  a  Bureau  of  the  Interior  Department.  A  great  step  was 
thus  taken  toward  obtaining  the  greatest  practical  results  from  the 
expenditure  of  tiie  public  money  for  geological  purposes.  The 
recommendations  of  the  National  Academy  also  contemplated  the 
consolidation  of  all  the  various  organizations  for  the  mensuration 
and  mapping  of  the  country — such  as  the  Coast,  Engineer,  and 
Land  Office  Surveys — under  one  single  head;  which,  also,  should 
assume  the  duty  of  providing  the  maps  necessary  as  a  basis  for  the 
work  of  the  Geological  Survey.  But  this  useful  measure  did  not 
meet  the  approval  of  Congress,  and  the  various  mensuration  surveys 
were  left  in  stabi  quo. 

With  the  final  establishment  of  a  permanent  Geological  Survey 
of  the  United  States,  it  became  necessary  to  adopt  a  plan  of  work 
which  would  enable  it  in  time  to  take  the  prominent  rank  among 
the  older  surveys  of  other  civilized  nations  of  the  world,  which  is 
justified  by  the  great  wealth  and  mineral  resources  of  the  country  it 
is  destined  to  study.  The  somewhat  vague  wording  of  the  organic 
law  under  which  it  was  created,  directing  an  examination  of  the 
geological  structure,  mineral  resources,  and  products  of  the  public 
domain,  left  the  details  of  the  policy  to  be  pursued  very  largely  a 
matter  of  discretion  with  its  director.  That  adopted  by  Mr.  Clarence 
King,  the  first  director,  as  foreshadowed  in  his  Annual  Report  to  the 
Secretary  of  the  Interior  for  1880,  was  one  whose  distinguishing 
feature  was  the  prominence  that  should  be  given  to  economical 
geology,  or  the  practical  application  of  geological  investigations  to 
the  development  of  the  mineral  resources  of  the  country. 

In  earlier  Government  Surveys,  which  were  topographical  re- 
connoissances  in  a  practically  unknown  region,  geology  occupied  a 
secondary  and  unimportant  position.  With  the  Fortieth  Parallel 
Survey,  inaugurated  in  1867,  and  its  successors,  the  Hayden,  Powell, 
and  Wheeler  Surveys,  geology  became  an  essential  object  of  the 
work,  but  owing  to  the  want  of  already  existing  maps  topography 
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necessarily  absorbed  a  large  portion  of  tlieir  labor  and  funds.  Even 
these,  however,  were  rather  of  the  nature  of  geological  reconnois- 
sances  than  of  survevs  properly  so-called — the  conditions  of  the 
work  demanding  that  a  given  superficial  area  should  be  covered  each 
year,  without  allowing  time  for  complete  and  thorough  investigation 
of  any  particular  class  of  phenomena  or  series  of  deposits.  Their 
labors  had  nevertheless  furnished  au  adequate  knowledge  of  the 
general  geology  of  the  great  Cordilleran  system  in  the  United 
States,  as  well  as  general  topographical  maps  of  an  area  sufficient  to 
serve  as  a  basis  for  more  accurate  and  detailed  studies,  which  might 
occu[)y,  for  a  number  of  years  to  come,  all  the  force  which  could 
be  employed  with  the  funds  Congress  would  probably  be  willing  to 
approj)riate. 

Therefore,  instead  of  continuing  reconnoissance  work  over  the 
remaining  unexplored  area,  it  was  decided  to  make  detailed  mono- 
graphs of  particular  districts  in  the  region  thus  partially  known,  for 
the  purpose  of  illustrating  geological  phenomena  of  special  interest; 
and  thus  give  time  for  topography  to  precede  geology,  as  it  properly 
should,  in  the  as  yet  unmapped  regions. 

An  important  change  in  the  manner  of  carrying  on  the  geological 
work,  introduced  by  Mr.  Tung,  was  that  of  dividing  the  country 
into  departments  or  divisions,  over  each  of  which  should  be  placed 
a  geologist-in-charge  with  an  office  at  some  central  point,  to  whom,' 
under  the  general  supervision  of  the  director,  was  intrusted  the  entire 
responsibility  of  planning  and  carrying  out  the  work  in  his  division, 
and  the  choice  and  general  direction  of  his  assistants.  This  change 
was  favorable  both  to  efficiency  and  economy,  since  by  it  the  annual 
expense  of  transferring  large  parties  from  Washington  to  the  field 
was  avoided  ;  and  the  employes,  becoming  more  and  more  familiar 
with  the  character  of  their  particular  district,  could  work  up  their 
material  in  the  immediate  vicinity  of  their  field  of  labor,  and  would 
be  enabled  to  do  more  rapid,  and  at  the  same  time  more  accurate 
work. 

In  pursuance  of  the  idea  that  more  attention  should  be  given  to 
the  practical  application  of  geology  to  the  development  of  mining 
industry,  the  work  of  the  survey  was  distributed  under  two  main 
heads — General  Geology,  and  Mining  Geology  ;  which,  while  inde- 
pendent, should  mutually  assist  each  other.  In  time  it  was  intended 
that  in  each  division  a  distinct  corps  should  be  occupied  in  each  of 
these  branches,  whose  combined  labors  would  result  in  giving  us  not 
only  a  geological   map  of  the  whole  country,  but  au  intimate  ac- 
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qnaintance  with  its  mineral  resources,  and  some  definite  knowledge 
in  regard  to  the  vexed  question  of  the  origin  of  ore  deposits.  In 
the  two  field-seasons  that  have  elapsed  since  tiie  adoption  of  this 
programme,  with  the  limited  funds  appropriated  for  the  use  of  the 
survey,  necessarily  but  a  small  portion  of  the  work  contemplated 
has  been  accomplished.  Nevertheless  a  number  of  monographs  are 
now  in  process  of  publication,  which  will,  it  is  hoped,  prove  the 
wisdom  of  the  programme  above  sketched.  Their  possible  field  of 
usefulness  will  certainly  be  enlarged  by  the  fact,  that  they  svill  be 
procurable  by  all  who  desire  them,  at  the  cost  of  publication. 

The  work  of  the  mining  geologists  of  the  survey  is  that  in  which 
the  members  of  the  Institute  will  naturally  feel  the  most  direct  in- 
terest. As  a  brother  raining  engineer,  I  feel  that  it  may  not  be  in- 
appropriate for  me  at  this  time  to  give  some  account  of  the  manner 
in  which  that  portion  of  the  work  intrusted  to  me  has  been  carried 
out,  in  accordance  with  the  above  general  programme,  and  to  offer 
to  your  consideration  and  criticism  my  idea  of  the  principles  and 
aims  which  should  govern  such  work. 

The  mining  geologists  of  the  Government  should,  it  seems  to  me, 
bear  to  the  mining  engineers  of  the  country  a  somewhat  similar  re- 
lation to  that  which  the  latter  hold  to  individual  owners,  and  the 
mining  public  at  large.  The  duty  of  the  mining  engineer  toward 
his  employer,  the  actual  or  prospective  owner  of  a  mining  property, 
is  to  place  before  him  in  an  intelligible  manner  the  character,  mode 
of  occurrence,  and  probable  quantity  and  value  of  the  mineral  de- 
posits which  his  property  may  contain,  and  the  best  method  of  util- 
izing them.  The  duty  of  the  government  mining  geologist,  whose 
field  of  observation  is  wider,  and  whose  facilities  for  carrying  on 
work  are  greater,  differs  only  in  this,  that  his  views  should  be  more 
comprehensive  and  his  study  should  take  in  the  general  interests  of  a 
group  of  mines  or  of  a  whole  mining  region,  rather  than  of  a  single 
mine.  In  neither  case,  however,  can  trustworthy  results  be  obtained 
except  they  be  founded  on  a  sound  and  accurate  knowledge  of  the 
geological  structure  of  the  region  in  which  the  deposits  are  found. 

In  coal  deposits,  it  is  true,  the  necessity  of  a  geological  basis  for 
reports  has  long  been  generally  recognized.  But,  in  respect  to 
metallic  deposits,  how  many  of  the  hundreds  of  mining  reports  that 
are  made  every  year  in  this  country  have  any  foundation  of  actual 
geological  data?  But  few,  indeed.  I  have  been  forcibly  struck  by 
this  fact,  in  the  course  of  my  investigations,  when  I  have  endeavored 
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by  the  study  of  reports  on  regions  I  liad  not  yet  visited,  to  obtain 
some  definite  idea  of  their  geology. 

Nor  is  this  true  only  of  this  country ;  it  applies  also,  though  perhaps 
in  a  less  degree,  to  older  countries.  Look  even  at  the  classical  work 
on  ore  ileposits  of  our  respected  Von  Cotta,  which  is  a  compilation, 
made  by  a  man  whom  we  all  acknowledge  to  be  thoroughly  compe- 
tent, of  the  best  scientific  data  obtainable  at  the  time  he  wrote. 
How  little  satisfactory  information  can  be  gathered  from  it  of  the 
actual  geological  relations  of  the  deposits  described.  Why  is  this? 
And  in  what  way  should  it  be  remedied?  If  we  ask  the  mining 
engineer  why  he  has  not  given  more  geology  in  his  report,  his 
answer  will  probably  be:  First,  that  nothing  had  been  published  on 
the  geology  of  that  region  ;  second,  that  the  persons  by  whom  he 
was  employed  desired  practical  results,  not  theories. 

Of  the  two  reasons  thus  given  the  first  is  certainly  a  valid  one, 
and  the  want  of  published  data  is  one  which  it  should  be  the  first 
duty  of  the  Geological  Survey  to  supply.  The  second  is  the  ex- 
pression of  a  prejudice,  unfortunately  too  common  in  the  ])ul)lic 
mind,  in  favor  of  practical  as  opposed  to  scientific  mining — a  preju- 
dice for  which  mining  engineers  as  a  class  are  partly  responsible. 
Fortunately  this  prejudice  is  gradually  disappearing.  Ten  or  fifteen 
years  since  it  was  so  strong  that  the  fact  that  a  man  was  a  graduate 
of  Freiberg,  or  other  European  mining  academy,  was  almost  suffi- 
cient to  bar  him  from  employment  in  a  Western  mine;  while,  to- 
day, in  Leadville,  among  the  most  successful  miners  and  metallur- 
gists, are  found  prominent  the  names  of  graduates  of  Freiberg  and 
other  European  schools,  such  as  Filers,  Meyer,  Grant,  and  others. 

Nor  is  this  prejudice  confined  to  untechnical  men.  Many  mining 
engineers,  while  freely  admittingthe  necessity  of  a  geological  basis  for 
determining  the  value  of  coal,  iron,  petroleum,  and  allied  deposits, 
consider  it  at  best  in  the  nature  of  an  ornamental  or  decorative  ad- 
dition to  a  report  upon  metallic  mines.  In  my  opinion,  how- 
ever, there  is  no  inherent  reason  why,  with  sufficient  study  and  in- 
vestigation, the  geological  relations  of  metallic  deposits  should  not 
be  determined  as  accurately  as  those  of  coal  and  iron.  The  subject, 
it  is  true,  presents  greater  difficulties,  and  in  the  rapid  advance  of 
geology  at  the  present  day,  the  geologist  and  the  mining  engineer 
have  been  pursuing  somewhat  divergent  paths — the  former  confining 
himself  more  and  more  to  sj)ecial  branches  of  theoretical  study,  and 
the  latter  to  the  technical  and  mechanical  side  of  his  profession.  In 
Prosepny's  excellent  work,  Archiv  der  Geologie,  a  chapter  is  given,, 
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\_Geohgie  und  Berghau  in  ihren  gegenseitigen  Beziehtmgen],  depre- 
cating this  tendency,  and  outlining  in  some  detail  the  official  work 
done  at  present  in  both  branches  by  civilized  nations. 

It  behooves  ns,  then,  it  seems  to  me,  not  only  as  geologists,  but  as 
raining  engineers,  to  give  greater  importance  to  geological  stru(^tnre 
in  our  reports  and  papers'on  metallic  mines;  and  this  not  only  for 
the  purpose  of  removing  the  above-named  prejudice,  but  for  the  sake 
of  accumulating  matter  which  shall,  in  time,  afford  us  the  means  of 
rendering  to  ourselves  as  satisfactory  and  definite  an  idea  of  the 
manner  of  the  formation  of  metallic  deposits,  as  we  have  at  present 
in  the  case  of  coal. 

The  work  upon  which  I  have  been  engaged  during  the  last  two 
years,  at  Leadville,  will  shortly  appear  as  a  monograph  of  the  geol- 
ogy and  mining  industry  of  that  distri^i't,  and  is  one  in  which  the 
practical  value  of  a  knowledge  of  geological  structure  is  peculiarly 
striking.  With  the  general  outlines  of  this  structure  you  are  all, 
doubtless,  more  or  less  familiar.  The  mines  are  situated  on  the  west 
slope  of  the  Mosquito  Kange,  near  the  head  of  the  Arkansas  River. 
Their  ore  is  largely  argentiferous  galena  and  carbonate  of  lead  ;  a  so- 
called  contact  deposit  occurring  between  limestone  and  an  overlying 
eruptive  rock,  generally  called  porphyry,  but  which  some  have  wrongly 
classed  as  rhyolite.  The  principal  mines  of  the  district  may  be  di- 
vided into  three  groups,  called,  from  their  location,  those  of  Iron 
Hill,  Carbonate  Hill,  and  Fryer  Hill.  In  the  two  former,  which  are 
simply  shoulders  on  the  same  mountain  spur,  situated  one  above  the 
other,  the  geological  structure  is  comparatively  simple,  and  is  gener- 
ally well  understood.  The  ore  is  found  at  or  near  the  surface  of  the 
limestone,  which  in  either  case  dips  gently  to  the  eastward,  near  its 
contact  with  the  overlying  porphyry  ;  and  the  great  fault  plane  along 
which  the  movement  has  taken  place,  by  which  the  beds  in  Iron  Hill 
have  been  lifted  up,  a  thousand  feet  or  more,  from  the  position  they 
originally  occupied  as  a  continuation  of  the  Carbonate  Hill  beds, 
has  been  actually  laid  bare  by  numerous  shafts  and  winzes. 

Still,  evident  as  this  structure  might  appear  to  the  mind  trained 
to  geological  reasoning,  when  questions  of  conflict  of  title,  involving 
the  right,  under  the  United  States  mining  laws,  to  follow  the  vein 
in  depth,  were  brought  before  the  courts,  mining  experts,  many  of 
whom  called  themselves  geologists,  were  not  wanting  who  were  ready 
to  advance  other  theories  of  structure  in  support  of  the  claims  of 
the  companies  by  whom  they  were    employed,  and  these  theories 
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seemed  to  find  favor  with  juries  in  inverse  ratio  with  their  proba- 
bility from  a  scientific  standpoint. 

To  the  west  of  the  outcrops  of  the  easterly  dipping  beds  on  Car- 
bonate Hill,  limestone  and  ore  were  found  beneath  the  porphyry, 
which  seemed  to  some  to  indicate  the  existence  of  a  much-desired 
second  contact. 

On  Fryer  Hill,  where  the  richest  deposits  of  all  were  found,  no 
such  simple  structure  was  evident,  since  no  limestone  was  found  to 
underlie  the  ore  beds  ;  and,  as  the  whole  hill  was  covered  to  the 
depth  of  75  to  100  feet  with  a  sort  of  boulder  drift,  no  outcrop 
could  be  found  to  indicate  the  lines  of  structure  or  the  succession  of 
formations. 

My  first  visit  to  Leadville,  which  was  in  the  fall  of  1879,  showed 
me  that  the  structural  problem  here  presented  was  one  of  intense 
complication,  which  could  not  be  satisfactorily  solved  without  the 
aid  of  elaborate  and  most  accurate  maps.  Moreover,  I  saw  that 
the  immediate  vicinity  of  Leadville  was  a  region  of  intense  meta- 
morphism  or  internal  alteration  of  the  rocks  as  well  as  of  great  com- 
plication of  external  structure,  and  where,  owing  to  the  great  accu- 
mulation of  detrital  material  on  the  surface,  but  few  actual  outcrops 
could  be  seen  ;  that  it  would  be  an  almost  endless  labor  to  determine 
accurately  there  the  horizons  of  the  sedimentary  beds,  or  the  struc- 
ture of  the  eruptive  masses;  and  that  the  key  to  these  points 
must  be  sought  near  the  crest  of  the  range,  where,  in  the  great 
glacial  amphitheatres,  rock  sections  several  thousand  feet  in  thickness 
were  exposed  on  every  side.  Owing  to  the  great  altitude  of  the 
region,  however,  it  was  not  until  the  following  summer  that  this 
portion  could  be  explored.  Meanwhile,  with  my  assistant,  I  was 
occupied  in  examining  underground  workings,  and  gathering  all 
the  data  possible,  without,  however,  getting  more  than  an  iidcling 
of  the  actual  facts,  which  a  later  field  study  of  six  short  weeks  in 
the  surrounding;  region  made  clear. 

These  were,  first,  that  the  ore  deposits  of  Leadville  occur  either  at 
the  surface,  or  in  bodies  extending  from  the  surface  downward  into 
the  mass  of  a  bed  of  blue  dolomitic  limestone,  about  150  to  '200 
feet  in  thickness,  belonging  geologically  to  the  base  of  the  Car- 
boniferous group.  This  horizon  it  was  possible  to  recognize  unmis- 
takably in  almost  every  instance,  not  only  by  its  lithological  charac- 
teristics, but  by  the  succession  of  beds,  only  about  400  feet  in  thickness, 
which  oc(;ur  between  it  and  the  underlying  crystalline  schists  and  gi-an- 
ite  of  the  Archrean.  Second,  that  the  eruptive  rocks,  mainly  por- 
voL.  X. — 27 
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phyriesof  apretertlarv  age,,  occur  in  immense  intrusive  sheets,  so  reg- 
ularly interbedded  that  they  form  an  integral  part  of  the  sedimentary- 
series,  and  have  been  faulted  and  folded  with  them  ;  that  the  dike  form 
of  eruptive  rock, although  not  unoomnmnlyseenalong  thecanon  walls, 
is  of  subordinate  importance,  and,  as  a  rule,  of  later  date  than  the 
intrusive  sheets,  since  they  cut  across  these  and  their  bounding  sedi- 
mentary bods;  that  the  intrusive  sheets-  had  evidently  spread  out 
between  the  beds  from  certain  centres  of  eruption,  following  by 
preference  a  definite  horizon,  but  sometimes  cutting  across  the  beds 
to  another  horizon,  or  splitting  up  one  bed  or  formation  into  two  or 
more  distinct  sheets;  and  that,  since  these  intrusive  sheets  have  par- 
taken of  the  movement  of  faulting  and  folding  to  which  the  sedi- 
mentary series  have  been  subjected,  they  must  have  been  eru[)ted 
prior  to  this  movement,  which  took  place  at  the  close  of  the  Cre- 
taceous, and,  therefore,  when  the  sedimentary  series  still  occupied  an 
undisturbed  or  hoi-izontal  position,  and  very  prolxibly  while  they 
were  still  covered  by  the  waters  of  the  ocean.  Third,  tliat  the  ore- 
deposits,  and  the  vein  material  or  gangue  inclosing  them,  whii^h  is, 
in  Leadville,  silica,  iron,  and  manganese,  with  an  admixture  of  clay 
from  the  decomposition  of  the  porphyries,  are  a  direct  replacement 
of  the  limestone  in  place,  and  that  they  occur  either  on  the  u})per 
surface  of  the  limestone,  or,  when  they  do  extend  down  into  it,  the 
bodies  wedge  out  at  the  bottom  and  are  connected  with  the  surface; 
that,  therefore,  the  generally  given  origin  of  ore-dei)osits,  as  coming 
from  some  unknown  source  below,  does  not  hold  good  in  this  case, 
for  they  evidently  came  from  above,  in  an  aqueous  solution,  and 
were  deposited  from  percolating  waters.  Fourth,  that  the  difference 
between  the  ore-deposits  of  Fryer  Hill  and  tiiose  of  Iron  and  Carbo- 
nate Hills,  is  one  of  degree  and  not  of  kind  ;  that  here  the  main 
porphyry  sheet  had  divided  into  two  or  more,  and  besides  the  sheet 
above  the  ore  horizon  there  was  one  below  it,  and  sometimes  one  in  it, 
splitting  the  limestone  into  two  or  more  parts;  that  there  was  a  nearly 
vertical  dike  of  another  variety  of  porphyry  cutting  across  the  beds  ; 
that  the  beds  were  compressed  into  a  series  of  shallow  folds,  which  had 
been  eroded  in  such  a  manner  that  from  the  south  and  west  portions 
of  the  hill  the  ore  horizon  had  been  entirely  removed  ;  that  over  the 
greater  portion  of  the  hill  the  replacement  action  had  been  so  com- 
plete that  the  Blue  Limestone  horizon  is  represented  by  vein  material, 
with  here  and  there  small  bodies  of  dolomite  sand,  and  detached 
blocks  of  dolomite,  as  the  only  relics  of  the  original  limestone  bed. 
The  above  somewhat  bald  statement  of  a  few  of  the  many  inter- 
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esting  results  of  the  work  in  which  I  was  engaged  at  Leadville,  is 
given  here  simply  to  aid  in  illustrating,  in  this  particular  case,  the 
point  upon  which  I  have  been  insisting  above;  viz.,  the  practical 
importance  to  the  mininy;  eno;ineer  of  a  knowledire  of  the  ireolocical 
structure  of  any  region  in  which  he  may  have  to  report  upon  or 
mauage  a  raining  property. 

The  value  of  this  knowledge  may  be  further  illustrated  as  follows: 
First.  By  an  acquaintance  with  the  geological  horizon,  and  the  suc- 
cession of  beds  above  and  below  that  horizon,  the  engineer  is  enabled 
to  determine  upon  examination  whether  this  horizon  exists  on  his 
property  or  has  been  eroded  off;  in  the  latter  case  he  need  spend  no 
money  uselessly  in  searching  for  it;  if  it  is  there,  he  can  determine 
more  or  less  exactly,  according  to  circumstances,  its  position,  and  how 
he  must  follow  it.  Whether  he  has  published  geology  to  tell  him 
what  this  succession  is  or  not,  it  will  only  require  a  day  or  two's  ex- 
amination of  some  of  the  many  sections  exposed  along  the  canon 
walls  outside  the  district  to  familiarize  him  with  the  succession  and 
lithological  characteristics  of  these  horizons,  and  this  examination  he 
should  make  under  any  circumstances,  as  written  descrij)tions  of  rocks 
can  never  be  as  satisfactory  as  personal  observation.  Second.  With 
regard  to  the  eru])tive  rocks,  considerable  familiarity  with  lithology, 
and,  very  probably,  actual  microscopical  study  of  their  sections,  may 
be  required  to  determine  their  ultimate  character,  but  a  few  days'  study 
along  these  same  caiion  walls  would  suffice  to  show  the  main  facts 
mentioned  above,  viz.,  that  they  occur  rather  as  interbedded  sheets  than 
as  dikes,  and  it  would  then  be  a  fair  deduction  to  make,  that  around 
Leadville  itself  the  same  conditions  obtain.  He  would  not,  thcrefoi-e, 
suppose  that  each  body  of  porphyry  he  saw  was  a  dike  cutting  up 
across  the  beds  from  below,  but,  on  the  contrary,  would  suppose  it  to  be 
an  interbedded  sheet,  unless  he  had  actual  evidence  to  the  contrary. 
Third.  The  determination  of  the  manner  of  occurrence  of  the  ore- 
bodies,  and  still  more,  their  probable  origin,  would  require  a  some- 
what extended  observation  of  the  various  underground  workings  of 
the  district,  and  these  questions  might,  at  first  sight,  seem  to  be 
rather  of  speculative  or  theoretical  than  of  practical  value.  Their 
practical  value  in  the  present  instance  is,  however,  readily  apjiarent. 
The  fact  that  the  ore  comes  from  above,  and  not  from  that  unknown 
and  often  called-upon  source  in  the  depths,  affords  good  reason  for 
not  sinking  deep  shafts  or  running  long  tunnels  in  hope  of  striking 
as  yet  unknown  ore-bodies  of  great  value,  the  chance  of  which  is  so 
attractive  to  many  investors  in  the  great  lottery  of  mining. 
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Work  of  this  kind  involves,  it  is  true,  a  great  deal  of  time  and 
labor  on  the  part  of  the  mining  engineer  ;  no  report  of  any  geological 
value  can  be  dashed  off  after  a  visit  of  a  day  or  two,  unless  the  facts 
are  all  known  beforehand.  Xor  can  generalizations  of  value  be 
deduced  from  the  examination  of  a  single  mine  in  a  district.  But 
the  large  fees  which  mining  companies  are  not  unwilling  to  pay, 
in  these  days,  justify  considerable  labor  on  the  part  of  the  mining 
engineer;  and  if  he  wishes  to  take  the  first  rank  in  his  profession, 
it  is  necessary  that  he  should  do  conscientious  work.  Let  him  avoid, 
however,  the  opposite  extreme  of  expecting  to  produce,  in  his  report, 
a  universal  theory  of  all  ore  deposits  from  observations  based  on  a 
single  district,  since  such  hasty  generalizations  stamp  him  at  once 
as  Jintrustworthy  or  visionary. 

The  class  of  deposits,  of  which  those  in  Leadville  may  fairly  be 
considered  the  type,  is  one,  it  is  true,  in  which  the  structural  rela- 
tions of  the  surrounding  rocks  play  an  exceptionally  important  j)art; 
but  this  very  class,  which  is  essentially  notable  rather  for  the  quan- 
tity than  the  quality  of  its  ore,  is  destined,  now  that  the  West  has 
been  rendered  somewhat  more  accessible  by  railroad,  to  becon)e  one 
of  the  most  important  producers.  Up  to  within  a  few  years,  their 
value  was  scarcely  known  at  all.  ]Sow  that  the  prospector  has  be- 
come practically  acquainted  with  them,  they  are  more  diligently 
sought  for;  and  their  extent  is  probably  very  great,  since  every  day 
brings  report  of  fresh  discoveries.  Those  of  Lake  Valley,  New 
Mexico,  .so  well  described  by  Professor  Silliman  in  his  paper  ju.st 
read,*  are  evidently  an  important  group  of  these  deposits ;  and  it 
is  interesting  to  note  that  while  the  iron  vein  material  in  the  wet 
region  of  Leadville  is  a  hydrous  oxide  of  iron,  in  the  arid  moun- 
tains of  New  Mexico  it  is  the  anhydrous  oxide  of  iron  that  forms 
the  gangue  of  the  silver  and  lead  ores. 

During  the  time  that  I  was  occupied  at  Leadville,  Mr.  G.  F. 
Becker  was  making  an  exhaustive  study  of  the  famous  Comstock 
Lode, — the  great  silver  vein  of  the  world.  You  are  all  of  you, 
doubtless,  familiar  with  the  previous  monographs  of  Messrs  Hague 
and  King  and  of  Mr.  John  A.  Church  upon  the  .same  region.  Since 
their  time  the  workings  upon  this  vein  have  been  carried  to  a  depth 
of  3000  feet,  and  rapid  advances  have  been  made  in  the  science  of 
lithology.  In  few  mining  regions  is  there  found  such  a  variety  of 
eruptive  rocks  as  in  the  Washoe  mining  district;  such  extreme  and 

*  See  page  428. 
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universal  alteration  of  their  original  constituents.  It  is  not  surpris- 
ing, therefore,  that  Mr.  Becker  has  arrived  at  many  conclusions 
which  clitfer  essentially  from  those  of  his  predecessors.  What  these 
conclusions  are  I  do  not  feel  at  liberty  to  state,  but  they  will  be 
found  embodied  in  his  monograph,  which  is  shortly  to  appear. 

Mr.  Arnold  Hague  has  made  a  most  exhaustive  geological  study 
of  a  district,  twenty  miles  square,  including  the  well-known  silver 
mines  of  Eureka,  in  Nevada,  which  are  only  second  in  import- 
ance as  producers  to  those  of  the  Comstock  Lode.  Mr.  Hague's 
work  has  been  a  most  important  one  for  the  general  geology  of  the 
Rocky  Mountain  region,  as  well  as  for  the  particular  district  to 
which  it  is  confined.  Tlie  study  of  the  ore-deposits  themselves  is 
now  being  carried  on  by  Mr.  J.  H.  Curtis. 

Mr.  King's  original  plan  contemplated  the  annual  preparation  of 
an  evei'-increasing  number  of  such  monographs  as  I  have  described 
of  the  more  important  mining  districts  of  the  country.  It  also  con- 
templated the  annual  appropriation  by  Congress  of  at  least  half  a 
million  of  dollars  for  the  use  of  the  Survey,  certainly  not  an  unrea- 
sonable amount  in  consideration  of  the  immense  and  ever-increasing 
value  of  our  mining  industry.  The  actual  money  value  of  the  work 
to  the  mining  community  can  readily  be  appreciated  by  mining  engi- 
neers, but  Congress  has  not  yet  realized  it,  and  may  not  for  some  time; 
hence,  our  progress,  necessarily  slow  in  the  commencement,  will  be 
rendered  more  so  by  want  of  adequate  funds,  since  with  the  present 
appropriations  it  is  barely  possible  to  keep  up  the  present  scale  of 
work,  much  less  increase  its  scope.  Time  will  correct  this,  however, 
and  in  the  meantime  valuable  assistance  can  be  rendered  by  mining 
engineers,  who  furnish  papers  to  the  Institute,  in  giving  definite  geo- 
logical information  upon  the  metallic  mines  they  are  called  upon  to 
examine.  The  number  of  such  papers,  very  small  at  first,  has  been 
steadily  increasing  with  the  growth  of  the  Institute,  but  their  nu- 
merical proportion  is  still  far  below  what  the  importance  of  the  sub- 
ject demands. 

While  the  geological  branch  of  mining  engineering  occujiics  a 
prominent  place  in  the  work  of  the  Survey,  the  more  technical 
branches  will  by  no  means  be  neglected.  The  monograph  on  Lead- 
ville  will  be  accompanied  by  an  elaborate  discussion  of  the  processes 
of  lead  smelting,  as  conducted  there,  by  an  able  analyst,  Mr.  A. 
Guyard,  illustrated  by  working  drawings  of  furnaces  and  all  imple- 
ment.<5  employed. 

For  the  Comstock  IMr.  W.  R.  Eckart,  the  eminent  mct-hanical  en- 
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gineer,  is  at  work  npon  a  report  on  its  "Mechanical  Appliances  nsed 
in  Mining  and  Milling;"  also  to  be  illustrated  with  complete  draw- 
ings of  machinery,  and  to  contain  a  most  valuable  discussion  of  the 
efl'ective  result  of  different  systems,  founded  on  actual  experiments 
and  theoretical  calculations. 

Such  papers,  prepared  by  specialists  best  fitted  for  the  particular 
work,  should  accompany  every  monograph,  whenever  there  is  any 
particular  process  or  mechanical  appliance  in  the  district  examined 
of  sufficient  importance  to  justify  the  labor  and  expense. 

An  annual  review  of  the  economical  condition  of  mining  industry, 
as  deduced  from  accurate  statistical  information,  is  no  doubt  a  le- 
gitimate and  important  branch  of  the  work  of  the  Survey,  and  in 
laying  the  foundation  for  this  work  we  have  been  greatly  assisted  by 
the  liberality  of  General  AValker,  the  Superintendent  of  the  Census. 
The  collection  of  mineral  statistics  for  the  Tenth  Census  was  jilaced 
by  him  under  the  management  of  the  Director  of  the  Survey,  and 
facilities  tiius  afforded  for  doing  the  work  in  a  manner  which  the 
funds  of  the  Survey  would  not  have  admitted  of 

The  valuable  work  of  Dr.  Raymond  had  been  so  long  since  dis- 
continued that  the  field  to  be  examined  was  statistically  unknown, 
and  it  was  determined  to  collect  the  desired  information  by  means 
of  actual  visit  of  trained  collectors  to  every  mine,  mill,  or  smelting 
work  in  the  country,  armed  with  the  most  exhaustive  series  of  ques- 
tions in  regard  to  every  phase  of  the  work  going  on  which  our  in- 
genuity could  devise.  We  realized,  in  the  commencenient,  that  ab- 
solute or  exhaustive  accuracy  could  not  be  obtained,  since  for  this 
would  be  required  the  very  best  mining  engineers  in  the  country 
as  collectors,  a  universal  willingness  to  give  information  on  the  part 
of  owners,  and  more  time  and  money  than  was  at  our  disposal. 
Nevertheless,  so  far  as  it  was  possible,  we  attained  that  accuracy, 
and  the  result  has  been  the  accumulation  of  a  vast  amount  of  tech- 
nical information,  which  is  now  being  tabulated  for  discussion  and 
generalization. 

The  results  are  necessarily  unequal,  as  depending  upon  two  varying 
factors,  the  relative  intelligence  and  industry  of  collectors  and.  the 
inherent  difficulties  of  collecting,  peculiar  to  each  case  or  district. 
The  deficiencies  in  our  results  are  more  noticeable  in  the  statistics  of 
production,  which  have  already  been  published,  since  here  absolute 
exhaustiveness  is  necessary',  when  in  other  branches,  such  as  relative 
costs  of  labor,  power,  average  consumption  of  steam,  fuel,  etc.,  im- 
perfections in  the  returns  from  one  or  two  mines  in  a  district  do 
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not  materially  imi)air  the  correctness  of  the  averages  arrived  at. 
Checks  upon  the  synthetic  system  in  the  case  of  production  were 
furnished  hy  express  and  Mint  statistics,  and  other  sources,  and  addi- 
tional amounts  thus  obtained  could,  in  some  cases,  be  distributed 
among  the  districts  to  which  they  belonged,  but,  in  general,  >vere 
simply  added  to  totals  from  States.  The  labor  involved  in  this  work 
has  been  not  only  very  great,  but,  on  account  of  its  inquisitorial  na- 
ture, very  annoying  from  the  unwillingness  shown,  in  many  cases  in 
a  not  over-jjolite  way,  to  answer  our  questions.  But  I  think  the  value 
of  material  obtained  will  amply  repay  the  labor  spent,  especially  if 
it  is  permitted  to  make  the  work  permanent,  so  that  the  experience, 
gathered  with  so  much  weariness  in  carrying  on  the  work  thus  far, 
may  not  be  entirely  lost. 

Sh<udd  the  present  Congress  grant  the  appropriation  we  have 
asked  for  for  this  work,  it  will  be  conducted  under  a  distinct  head 
by  a  permanent  set  of  employes,  who  will  annually  visit  the  region 
assigned  to  each  and  gradually  systematize  the  work,  so  that  pro- 
duction statistics  may  be  pubiished,  it  is  hoped,  within  six  months 
after  the  close  of  each  fiscal  year.  This  work  will  be  materially  ac- 
celerated bv  the  experience  already  gained.  We  now  know,  as  we 
did  not  fully  know  before,  the  locations  of  all  mines,  and  the  names 
of  their  owners  or  managers.  A  great  deal  of  the  work  can  be  con- 
ducted by  correspondence,  and  visits  will  be  required  only  where 
imi)()rtant  develoi>inents  have  been  made  since  the  last  data  were 
obtained,  or  new  districts  have  been  opened. 

In  the  matter  of  collecting  these  statistics  the  influence  of  the  in- 
dividual members  of  the  Institute  can  be  of  the  greatest  use  to  us, 
if  they  will  take  the  trouble  to  explain  to  those  mining  men  with 
whom  they  come  in  contact  the  ]M-actical  value  of  the  work,  and 
persuade  them  to  answer  our  questions  promptly  and  in  a  friendly 
si)irit.  It  is  often  more  labor  to  get  information  from  one  or  two 
reluctant  individuals  than  from  a  whole  district  or  State.  If  the 
work  is  conducted  under  these  auspices,  the  assurance  that  all  infor- 
mation obtained  will  be  held  as  strictly  confidential  should  be  very 
great.  The  reputation  of  the  Survey  would  be  at  stake  in  the  first 
place,  and  all  its  members  are  forbidden  by  law  from  having  any 
personal  interest  whatever  in  any  mining  property  of  any  kind. 

As  supplements  to  the  annual  production-bulletin  it  is  intended 
to  publish  a  series  of  technical  papers  on  processes  and  mechanical 
appliances  in  mining,  milling,  and  smelting,  for  which  the  volumi- 
nous data  already  gathered  will  adbrd  a  most  invaluable  foundation. 
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In  conclusion,  then,  let  me  ask  an  indulgent  judgment  of  our  early 
work.  It  is  a  comparatively  easy  matter  to  {)lan,  but  few  succeed 
in  keeping  their  work  completely  up  to  the  standard  which  they  set 
for  themselves.  At  the  same  time  we  by  no  means  wish  to  avoid 
criticism.  Honest  criticism,  that  is  free  from  malice,  may  be  of  the 
greatest  assistance  to  the  earnest  worker,  and  there  is  no  doubt  that, 
were  this  kind  of  criticism  more  frequent,  there  would  be  less  slovenly 
scientific  work  done  in  America. 


THE  MINEBAL  BEGIONS  OF  SOUTHEBN  NEW  MEXICO. 

BY   B.  SILLIMAN,  M.D.,  N.A.S.,  NEW   HAVEN,  CONN. 

The  regions  of  New  Mexico  referred  to  are  in  Socorro,  Grant,  and 
Dona  Ana  counties,  and  a  portion  of  Lincoln  County,  embracing  in 
the  aggregate  a  very  large  area,  of  most  of  which  our  knowledge  is 
as  yet  very  fragmentary  and  superficial.  It  is  only  very  recently 
that  large  portions  of  this  region  have  been  accessible.  It  has  been 
full  of  danger  from  hostile  bands  of  wandering  Apaches,  whose 
murderous  raids  have  slain  many  adventurous  miners  and  seriously 
prevented. developments.  But  this  evil  has  now  been  largely  abated, 
and  in  many  of  the  mining  camps  of  this  region  there  is  no  longer 
any  danger  from  this  cause. 

SOCORRO   MINES. 

About  three  and  a  half  miles  back  of  the  old  Mexican  town  of 
Socorro,  on  the  Rio  Grande,  chief  town  of  the  county  of  Socorro, 
are  two  or  more  large  veins  of  heavy  spar,  cutting  across  the  face  of 
Socorro  Mountain  in  a  northeast  and  southwest  direction,  and  dip- 
ping at  an  angle  of  about  forty  degrees  into  the  body  of  the  mountain. 
These  veins  are  in  rhyolite,  and,  so  far  as  could  be  seen  in  openings 
on  the  Torrence  Mine,  which  I  examined,  are  without  any  clay  part- 
ing or  selvage.  The  average  thickness  of  the  Torrence  vein  may 
be  about  five  feet,  the  thickness  varying  from  one  or  two  feet  to 
thirteen  feet.  Upon  the  cleavage  planes  of  the  heavy  spar  occurs, 
in  visible  patches,  of  a  waxy  lustre  and  gray  color,  silver  chloride, 
which  gives  value  to  the  vein,  from  a  few  ounces  up  to  one  hundred 
and  twenty  ounces  to  the  ton,  averaging  about  fdrty  ounces,  as  I 
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was  informed.  Associated  with  the  heavy  spar  are  several  minerals 
carrying  vanadium,  one  of  which,  in  small  yellow  hexagonal  prisms, 
is  a  mimetite  containing  vanadium,  which  has  been  mistaken  for 
vanadinite.  Farther  research  is  required  to  determine  the  specific 
identity  of  the  other  associated  minerals,  which  form  no  part  of  the 
economic  value  of  these  veins.  The  lowest  explorations  were,  at  the 
time  of  my  visit  (October,  1881),  about  two  hundred  feet  on  the 
slope  of  the  vein,  which  was  dry  at  that  time.  No  stoping  had 
then  been  done,  and  by  measurement  about  three  thousand  tons  of 
ore  were  in  sight. 

A  ten-stamp  mill,  of  excellent  construction,  stood  on  the  edge  of 
the  Mesa,  over  the  river,  nearly  ready  for  work,  constructed  under 
the  direction  of  William  M.  Courtis,  M.E.,  who  has  also  developed 
the  mine.  The  whole  expense  of  the  mill  and  its  appointments, 
Avhich  were  very  complete,  was  stated  at  about  !|75,000,  and  the 
entire  enterprise  was  a  good  exnmple  of  legitimate  mining. 

There  were  no  fossils  found  by  which  to  determine  the  geological 
position  of  the  Socorro  Mountain,  which  is  one  of  an  extensive  sys- 
tem of  eruptive  rocks,  which  I  traced  to  the  base  of  the  Magdalena 
Mountains,  about  thirty  miles  west  of  the  Rio  Grande  and  the  town 
of  Socorro. 

THE    MAGDALENAS. 

In  a  bold  range  of  this  name,  about  thirty  miles  west  of  Socorro, 
is  a  range  of  metamorphic  slates  and  limestones,  with  gneissic — prob- 
ably azoic — beds  and  quartzites,  traversed  also  by  porphyritic  erup- 
tions, where  I  found  a  strongly  marked  mineral  lode,  carrying  huge 
masses  of  lead  carbonate,  of  low  grade  in  silver,  averaging,  proba- 
bly, 25  per  cent,  of  lead,  and  under  ten  ounces  of  silver.  In  a  portion 
of  this  lode,  known  as  the  "  Juniata,"  the  ore-mass  exposed  was  fully 
forty  feet  in  thickness,  at  a  point  about  sixty  feet  from  the  surfice, 
and  the  total  thickness  of  this  great  cliamber  was  not  less  than  sixty 
to  sixty-five  feet,  as  was  shown  by  a  drift  driven  in  fully  twenty  feet 
beyond  the  workings  in  ore.  At  the  end  of  this  drift  is  a  fluccan-like 
mass,  two  to  two  and  a  half  feet  thick,  which  appears  to  be  the 
east  wall.  The  containing-walls  are  fissile  slates  on  the  west,  and 
a  quartzose  porphyry  on  the  east.  The  vein  is  nearly  vertical. 
Within  the  walls  is  avast  mass  of  decomposed  material,  impregnated 
with  lead  carbonates  of  every  shade  of  color,  from  white  to  yellow- 
brown,  with  iron-stained  and  violet  lithomarge.  Probably  one-half 
the  whole  mass  is  waste  material.     Mr.  E.  W.  Eaton,  of  Socorro, 
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who  worked  this  mine,  assured  me  it  required  four  tons  of  the 
ore  to  produce  one  of  bullion.  One  million  pounds  of  this  bullion, 
produced  on  the  ground  and  sold  in  St.  Louis,  assayed  twenty-three 
ounces  of  silver,  or  about  six  ounces  per  ton  of  ore,  while  the  assay 
called  for  eight  to  ten  ounces.  Pinon  charcoal  was  used  in  the 
smelting,  and  twenty-three  bushels  of  coal,  costing  seventeen  cents 
each,  were  consumed  to  the  ton  of  ore  smelted.  Nineteen  cubic  feet 
of  the  ore  was  found  to  equal  two  tons,  or  nine  cubic  feet  to  the  ton 
in  place.  As  this  ore  body  is  likely  soon  to  be  brought  into  close 
connection  by  rail  with  the  system  of  the  Atchison,  Topeka,  and 
Santa  Fe  Railroad,  and  with  cheap  coke  at  Socorro,  from  coal  mines 
lately  opened  on  the  east  bank  of  the  Rio  Grande,  near  Socorro,  it 
is  likely  to  become  an  important  factor  in  the  metallurgical  opera- 
tions for  which  Socorro  offers  a  convenient  centre. 

Other  portions  of  this  vein,  which  I  saw  about  a  mile  and  a  half 
to  the  south,  on  the  "  Imperial"  location,  where  it  has  been  opened 
by  a  shaft  sunk  in  the  ore-body,  about  eighty  feet  deep,  were  heavily 
charged  with  zincblende.  The  total  explored  length  of  this  vein  is 
about  two  miles.  Beautiful  green  and  blue  calamine  are  found 
among  the  surface  ores  along  the  "  Kelly  "  location,  north  of  the  Juni- 
ata, and  cryptocrystalline  anglesite,  inclosing  galena,  was  observed  at 
the  same  surface  openings.  While  much  of  the  ore  on  this  gigantic 
mineral  lode  is  of  low  grade,  its  position  favors  exploration  by 
tunnel  on  the  course  of  the  vein  at  several  points,  with  the  proba- 
bility of  the  discovery  of  other  large  ore-bodies  like  that  noticed  in 
the  Juniata.    It  waits  the  advent  of  cheaper  transportation  and  fuel. 

Of  the  mineral  region  immediately  west  of  the  Magdalenas  I  saw 
only  some  hand  samjdes  of  ores,  chiefly  of  lead.  But  among  them 
was  an  ore  from  the  "  Sophia,"  a  small  vein  of  heavy  spar,  carrying 
extremely  rich  copper-silver  glance,  corresponding  closely  to  the 
species  stromeyerite.  But  as  I  did  not  visit  the  locality  I  can  say 
no  more  of  it. 

The  magnetic  variation  of  this  district  was,  in  October,  1881, 
rs°  45'  E.,  as  given  me  by  Mr.  E.  G.  Shields,  C.E. 

The  mountain  ranges  follow  the  general  northeast  and  southwest 
course  common  to  the  region.  South  of  Socorro,  on  the  west  side  of 
the  Rio  Grande,  are  the  Xegretta  or  Black  Range,  the  Mimbres,  the 
Burros  and  Mogallones  Mountains,  of  which  something  more  remains 
to  be  said ;  while  on  the  east  side  of  the  Rio  Grande,  in  Lincoln 
County,  are  the  Oscuras  Mountains,  probably  of  Permian  age;  the 
Organ   Mountains,  the  Nogals,  and   the  Sierra  Blanco,  or  White 
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Range  of  the  Mesealaro  Apaclie  Reservation,  and  Fort  Stanton,  a 
portion  of  which  I  vi.sited. 

The  Oscuras  Permian  Copper  Beds. 

In  the  Oscuras  Mountains  exist  considerable  deposits  of  copper 
glance,  azurite,  and  malachite,  carrying  also  a  little  silver  and  gold 
in  a  silicious  conglomerate,  forming  parts  of  the  conformal)le  beds 
in  a  considerably  extended  area  of  Permian  rocks.  The  copper  ores 
are  largely  found  about  the  organic  remains  of  fossil  wood  and  va- 
rious small  ])lants,  transformed  into  copper  casts  of  the  original 
structure,  frequently  retaining  traces  of  the  carbonaceous  material. 
The  most  important  copj)er-bearing  beds  are  capped  by  a  strong 
quartzose  or  granitic  conglomerate,  above  which  are  beds  of  sand- 
stone and  red  marls;  beneath  are  other  conglomerates,  clays,  and 
doloraitic  lime  rock.  I  was  unable,  from  want  of  time,  to  make  any 
exploration  of  these  interesting  beds,  so  closely  resembling  those  of 
Russia,  where  they  have  been  so  fruitful  a  source  of  eo])per  for  many 
years.  But  I  succeeded  in  securing  the  services  of  Dr.  M.  G.  R.  Fitz- 
gaertner,  at  that  time  in  Santa  Fe,  to  go  down  there  in  the  interest  of 
the  owners.  Dr.  Fitzgaertner's  report  is  before  me,  and  from  his  state- 
ments it  appears  these  co])i)er-bearing  beds  carry  from  10  or  1 2  per  cent, 
to  60  per  cent,  of  cojiper,  with  a  little  gold  (one-fourth  ounce  to  one  and 
a  half  ounces)  and  a  few  ounces  of  silver.  The  copper  seams  vary  from 
a  few  inches  to  two  or  three  feet  in  thickness,  and  they  have  a  dip  to 
the  south  from  near  the  horizontal  to  45°,  the  copper-bearing  seams 
being  a  series  of  four,  of  which  the  strongest  is  immediately  beneath  . 
the  granitic  conglon)erate.  These  beds  are  about  fifty  miles  below 
Socorro,  near  the  wagon  road  to  White  Oak  Mines,  to  the  south, 
from  which  they  are  distant  about  forty  miles.  Good  coal  exists 
near  the  Oscuras,  on  the  east  bank  of  the  Rio  Grande,  and  has 
been  developed  by  the  Atchison,  Topeka,  and  Santa  Fe  Com- 
pany with  a  branch  road  and  coke  ovens,  as  I  am  infbrmetl  by  one 
of  the  ofliccrs  of  that  road.     AVater  is  very  scarce  at  surface. 

I  made  also  a  careful  examination  of  a  much-cited  dci)osit  of  vit- 
reous coj)per,  near  Fort  Stanton,  in  the  Mesealaro  Apache  country. 
The  ore  of  this  locality  is  as  fine  as  possible,  but  it  exists  only  in  tri- 
fling quantity,  and  with  no  evidence  of  continuity.  There  is  no  vein, 
and  it  does  not  occur  even  in  a  bed.  So  there  was  no  reward  for  a 
toilsome  journey  over  a  desolate  region,  but  to  counsel  the  total  aban- 
donment of  further  exploration. 
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Very  different  was  the  result  of  observations  made  in  Dona  Ana 
County,  on  the  west  side  of  the  Rio  Grande,  the  next  region  of  my 
observation.     This  requires  a  much  more  extended  notice. 

The  Lake  Valley,  or  Sierra,  Mines. 

The  Lake  A^alley  mines  are  in  the  county  of  Dona  Ana,  New 
Mexico,  near  the  point  where  Grant  and  Socorro  corner  upon  it, 
lines  established  by  a  recent  decision  of  the  Territorial  legislature. 

LAKE   valley. 

Lake  Valley  is  a  name  appropriately  given  to  a  secluded  valley, 
surrounded  by  the  foot-hills  of  the  Mimbres  or  Negretta  Mountains, 
in  the  upper  angle  of  which  is  a  small  lake,  hidden  from  view  by 
aquatic  plants,  and  vocal  with  waterfowl.  This  lake  evidently  once 
covered  a  considerable  portion  of  the  adjacent  valley,  the  level  sur- 
face of  which  everj'where  yields  water  by  shallow  wells.  The  water 
for  the  mill  is  supplied  from  the  lake,  or  from  a  well  fed  by  its 
waters. 

APPROACH    AND    POSITION. 

The  approach  to  the  Lake  Valley  mines  is  by  the  Atchison,  To- 
peka,  and  Santa  Fe  Railroad  from  Nutt  Station,  which  is  1105  miles 
from  Kansas  City,  about  450  miles  from  Pueblo,  266  miles  south 
of  Sante  Fe,  and  104  miles  from  the  old  Spanish  city  of  Socorro, 
now  fast  becoming  the  point  of  important  mining  industry,  since 
the  above  railroad  has  supplied  and  is  supplying  transportation  for 
the  ores  of  silver,  lead,  copper,  etc.,  and  also  for  the  coal  of  the  near 
neighborhood.  From  Nutt  to  Lake  Valley  is  a  pleasant  drive  of 
about  twelve  miles,  ov^er  an  open  country,  by  as  fine  a  natural  road 
as  exists  anywhere,  with  gentle  ascending  grade,  and  at  a  pace  which 
easily  places  the  traveller  there  in  two  hours  from  the  railroad  to  the 
mining  camp,  which  is,  by  aneroid,  about  5700  feet  above  tide. 

No  mining  region  in  this  country  is  more  agreeably  situated,  or 
more  easily  approached,  than  that  of  Lake  Valley.  Here  no  winter 
snows  or  severe  cold  interfere  with  travel,  or  with  continuous  and 
profitable  labor.  It  is,  essentially,  a  dry  region,  but  already  water 
has  been  reached  in  mining,  and  the  water  from  the  lake  has  also 
been  brought  in  by  a  line  of  iron  pipe. 
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SURFACE   APPEARANCES. 

Entering  Lake  Valley  by  the  road  from  Nutt  Station,  nothing  is 
visible  of  human  occupation,  until  a  sudden  turn  to  the  right  opens 
through  a  sag  in  the  hill  a  view  of  a  broad  surface,  dotted  over  with 
what  appear  to  be  piles  of  iron  ore,  scattered  over  a  considerable 
area. 

The  extent  of  mining  ground,  covered  by  the  united  claims  of  the 
Sierra  Plata,  Sierra  Grande,  Sierra  Bella,  and  Sierra  Apache  mining 
companies,  is  a  compact  body  of  about  350  acres,  over  the  whole  of 
which  exploration  has  been  rewarded  at  numerous  points  by  the  dis- 
covery of  silver  ore  in  greater  or  less  abundance.  This  area  is  nearly 
a  mile  long  on  the  diagonal  from  north  to  south,  and  about  half  a 
mile  in  the  opposite  direction.  It  is  bounded  by  the  edges  of  a 
valley  of  erosion  on  the  east  and  west,  by  a  hill  of  rhyolito  or  pro- 
pylite  on  the  south,  rising  rather  sharply  from  the  point  of  greatest 
depression  in  the  Grande  and  Plata  claims,  while  to  the  north  the 
descent  is  rather  abrupt  from  the  borders  of  the  Apache  company's 
locations  to  the  level  of  Lake  Valley  beyond.  Within  this  area  there 
is  considerable  diversity  of  surface. 

The  lowest  and  most  level  part  of  the  property  is  where  the  more 
"important  developments  of  rich  ore  had  been  made,  when  I  saw 
the  property  in  October,  1881.  This  was  true,  especially  on  the 
Stanton  and  Lincoln  claims,  j)ortions  of  the  Plata  and  Grande 
grounds. 

To  the  north  and  west  of  these  claims,  the  ground  rises  rather  rap- 
idly, and  ui)on  the  upper  edges  of  the  Columbia,  Slrieby,  etc.,  reaches 
an  elevation  of  j)robably  250  to  300  feet.  From  this  western  ridge 
the  ground  falls  to  the  east,  where  a  shallow,  longitudinal  valley 
divides  the  property  into  two  pretty  nearly  equal  portions,  as  may 
be  seen  by  a  glance  at  the  map  and  plans  of  the  several  claims. 

Early  in  the  history  of  this  property,  considerable  work  was  done 
upon  the  Columbia  and  Strieby  claims  of  the  Sierra  Bella,  and  the 
Kohinoor  and  Crescent  claims  of  the  Sierra  Apache.  Indeed,  itM'as 
from  the  Columbia  shaft  that  the  first  surprising  masses  of  solid 
chloride  of  silver  were  taken,  that  were  cut  out  by  a  hand-saw. 
A  shipment  of  ore  from  the  Columbia  shaft,  made  by  former  owners, 
gave  returns  from  over  fifty  tons  of  ore,  of  about  500  ounces  per  ton, 
and  of  this  lot  5  tons  carried  3600  ounces  of  silver  to  the  ton.  This 
information  I  obtained  from  the  former  owners. 
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,  THE   GEOLOGICAL    HORIZON. 

The  geological  horizon  of  the  Sierra  mines  is  at  the  base  of  the 
Carboniferous.  The  fossils,  which  I  collected  there,  have  been  ex- 
amined by  Mr.  Arnold  Hague,  of  the  United  States  Geological  Sur- 
vey, and  formerly  of  the  40th  Parallel  Survey.  He  says:  "Your 
collection  of  fossils  interested  me  very  much,  and  proves  to  be  an 
important  one  from  a  geological  standj)oint,  as  they  are  a  horizon  at 
the  base  of  the  Carboniierous,  and  not  far  above  the  Devonian,  al- 
though, as  yet,  no  Devonian  fossils  have  been  found  immediately 
below  them.  .  .  .  This  grouping  of  fossils  bears  a  very  close  resem- 
blance to  several  made  in  the  Wahsatch  and  the  ranges  of  Utah 
from  the  Wahsatch  limestone.  Below  this  group,  which  is  regarded 
as  corresponding  to  the  Waverly,  nothing  which  is  characteristic 
has  been  found.  ...  So  far  as  I  know,  this  grouping  has  never 
before  been  recognized  east  of  the  Wahsatch  Range."  .  .  . 

The  basement  rock,  laid  bare  by  the  erosion  of  the  upper  beds,  at 
Lake  Valley,  is  a  heavy-bedded  gray  or  blue  non-fossiliferous  lime- 
stone, in  and  beneath  which  the  silver  ores  are  found.  Above  it  are 
piled  thin-bedded,  shaly  limerocks,  full  of  fossils,  and  bearing  no 
metallic  ores,  so  far  as  known.*  These  upper  fossil iferous  beds  have 
been  extensively  worn  away  by  erosion,  especially  over  the  southern 
portion  of  the  area,  covered  by  the  claims  of  the  Sierra  Grande  and 
Sierra  Plata  com[)anies,  exposing  the  lieavy  basement  limerocks, 
which  here  show  frequent  seams  and  cracks,  filled  with  a  dark 
brown — almost  black — mineral,  breaking  with  a  bright-red  streak 


*  Note,  July,  1882. — It  wa.s  these  beds  which  furnished  all  the  fossils  seen  by 
Mr.  Hague.  Professor  Cope  subsequently  made  another  search,  and  found  some 
new  species  of  zoophytes  and  crinoids,  but  nothing  which  changes  the  geological 
horizon,  as  indicated  in  the  text. 

Note,  November,  1882. — Professor  Cope,  on  authority  of  Dr.  C.  A.  White,  first 
referred  the  Lake  Valley  fossils  which  he  had  received  from  the  late  George  Daly, 
to  the  Midtlle  Carboniferous  (American  Naturalist,  August,  1881),  and  later  con- 
firmed this  reference  after  collecting  on  the  ground.  (American  Naturalist,  October, 
1881.)  Mr.  S.  A.  Miller,  in  December,  1881,  gives  a  description  of  these  fossils, 
and  locates  them  in  the  Carboniferous. 

Mr.  Hague  and  Mr.  Walcott,  who  is  an  authority  in  paleontology,  in  January, 
1882,  referred  my  collection,  which  I  had  put  into  Mr.  Hague's  hands  for  the  pur- 
pose of  determination,  to  the  Lower  Carboniferous.  I  had  supposed  they  might  be 
Devonian,  but  my  opinion  on  palaeontology  was  not  entitled  to  much  weight.  This 
statement  of  Professor  Cope's  earlier  recognition  of  the  Lake  Valley  fossils  as  Car- 
boniferous, is  due  to  him  on  the  score  of  priority.  See  correspondence  in  Engineer- 
ing and  Mining  Journal,  October  21,  1882,  p.  214. — B.  S. 
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or  j)owder.  The  gravel  and  boulders,  resulting  from  the  breaking- 
upof  the  upper  measures,  have  lodged  over,  and  covered  portions  of 
the  lower  rocks.  These  loose  materials  have  been  ]ieiietrated  by 
some  of  the  shafts,  before  reaching  the  metalliferous  zone.  This  red 
ore  is  hematite  iron  ore  (specular  iron),  carrying  here  almost  always 
more  or  less  silver  as  chloride.  These  dark  seams  somewhat  re- 
semble pitch,  or  asphaltum,  and  nothing;  could  be  more  deceptive, 
or  less  promising  of  value  for  silver.  No  wonder  it  was  long  over- 
looked. 

DIP    or    THE    STRATA. 

The  dip  of  the  beds  of  this  group  of  rocks  is  to  the  east.  The 
angle  of  dip  is  clearly  seen,  both  in  the  Cohimbia  shaft,  and  more 
recently,  on  a  considerably  more  extensive  scale,  in  the  Strieby  shaft, 
where  it  falls  gradually  from  about  30°  near  surface,  until  at  the 
depth  of  about  180  feet,  where  water  has  temporarily  arrested  explo- 
ration, it  is  quite  flat,  not  more  than  10°  or  12°.  The  silver-bear- 
ing vein  has  for  its  cover  or  hanging  wall  this  regular  bed  of  lime  with 
a  smooth  clay-like  parting  so  far  as  followed.  The  significance  of  the 
fossiliferous  beds  here  described  will  be  readily  appreciated,  and  the 
im})ortant  key  they  afford  in  future  exploration  has  a  f()rcil)le  illus- 
tration in  the  exploration  of  the  deep  shaft  on  the  "Hopeful,"  of 
which  more  detailed  mention  is  made  in  the  postscript  to  this  article. 

MINERALOGICAL    CHARACTER    OF    THE   LAKE    VALLEY    ORES. 

It  will  be  understood,  from  what  has  already  been  said,  that  the 
chief  ores  at  these  mines  are  silver  chlorides  and  silver-lead  carbon- 
ates, associated  with  specular  or  red  hematite  iron  ore,  and  a  certain 
amount  of  galena  and  manganese  ores.  The  silicious  ores  carry  em- 
bolite,  and  some  of  them  are  rich  in  silver  chloride  and  lead  carbon- 
ates, with  small  quantities  of  vanadinite,  and  native  silver.  Gold  is 
absent,  unless  in  the  most  insignificant  traces.  Sulphurets  are  almost 
completely  absent,  galena  being  nearly  the  only  exception.*  This 
lead  ore  is  frequently  seen  in  small  particles  among  the  lead  carbon- 
ates, and,  occasionally,  masses  of  many  pounds  weight  are  found, 
which  have  escaped  the  general  decomposition  which  has  converted 

*  The  exception  here  aHiKkd  to  is  the  pyrite  found  in  the  rhyolite  or  propylite 
as  seen  in  the  deeper  exph)rations. 
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this  species  into  carbonate  of  lead.*      The  assay  of  a  fine  granular 
mass  of  this  galena,  nearly  pure,  showed  117.88  ounces  of  silver. 

ENUMERATION   OF   SPECIES. 

The  enumeration  of  the  species  of  minerals,  at  present  found  at 
Lake  Valley,  includes  the  following,  viz. : 

Metals.  (1),  Silver, 

a,  metallic  silver  (in  trifling  quantity). 

b,  chloride  of  silver,  horn  silver,  or  kerargyrite. 

c,  embolite,  chloro-bromide  of  silver. 

d,  silver-bearing  lead,  both  carbonate  and  sulphides. 

(2),  Lead, 

a,  galena,  and  carbonate  of  lead,  both  rich  in  silver. 

b,  vanadinite,  or  vanadate  of  lead,  of  a  light  yellowish  color,  in 

minute  hexagonal  prisms,  and  without  arsenic. 

(3),  Iron, 

Specular,  or  red  hematite,  and  brown  iron  ore  ;  the  former  most 
abundant  and  the  chief  gangue  or  associate  of  the  silver 
chlorides.  Both  are  highly  valuable  as  fluxes  in  smelting 
the  ores. 

(4),  Manganese, 

Pyrolusite,  manganite,  wad,  or  psilomelane. 

Non-metallic  Minerals. 

(1),  Quariz, 

As  the  gangue  of  embolite,  and  in  places  the  cap-rock  of  the 
ore-body;  varieties,  flint  and  chert.  Also,  in  small  quan- 
tity, drusy  crystals  of  quartz,  with  vanadinite. 

(2),  Carbonate  of  Lime, 

Chiefly  as  gray  limestone,  being  the  heavy-bedded  capping  to 
the  ore-body,  but  found  also  coating  silver  chlorides  in  the 
masses  of  ore,  and,  likewise,  as  crystallized  calcite. 

*  It  is  not  easy  to  say  what  has  become  of  the  sulphuric  acid,  equivalent  to  the 
sulphur  of  the  lead  sulphides  (now  carbonates).  No  anglesite  exists,  and  no  gyp- 
sum, as  might  most  reasonably  be  expected. 
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(3),  Anherite, 
Or  lime,  iron,  manganese  carbonate. 

(4),  Apatite, 

Or  phosphate  of  lime  (rare). 

Evplortition  will  probably  bring  to  light  other  species,  but  I  saw 
no  others  in  my  inspection  of  the  mines.  The  result  is  surprising 
from  its  simplicity,  and  the  absence  of  offensive  smelting  minerals, 
like  zinc,  arsenic,  antimony,  etc.* 


CROPPINGS   OF    CHERTY    QUARTZ,    AND    IRON    AND    MANGANESE 

OXIDES. 

A  capping  of  compact  flinty  quartz  takes  the  place  of  the  above- 
mentioned  heavy-bedded  limerock,  covering  the  silver-bearing  iion 
ore  in  the  same  manner  as  does  the  limerock.  This  silicious  cap- 
ping might  very  properly  be  called  "  vein  stone,"  as  it  carries  a  val- 
uable quantity  of  silver  in  the  form  of  embolite,  or  chlorobromide 
of  silver,  the  greenish  color  (yellowish  green)  of  this  ore  being  quite 
evident  to  the  mineralogical  eye.  It  is  a  milling  ore,  often  quite 
rich  in  silver.  The  seams  of  iron  ore  in  the  limestone,  as  above  de- 
scribed, often  lead  into  large  bodies  of  rich  silver  ore,  when  followed 
by  mining  explorations,  over  which  the  heavy-bedded  limerocks  form 
a  capping.  These  ore-bodies  vary  very  much  in  extent,  depth,  and 
thickness.  The  largest  body  of  this  kind,  ex[)lored  at  the  time  of 
my  visit,  was  that  reached  by  what  was  known  as  the  "  Joint  Shaft," 
between  the  Plata  and  Gr-ande  companies'  ground,  on  the  line  be- 
tween the  Stanton  and  Lincoln  claims. 

The  character  of  these  very  rich  ores  is  absence  of  any  silicious 
gangue,  the  whole  mass  being  a  loosely  aggregated  congeries  of  crys- 
tals of  silver  chloride  (horn  silver)  with  carbonate  of  lead,  the  whole 
mass  stained  deeply  throughout  with  red  iron  oxides  (hematite),  and 
more  rarely  black  with  manganese  oxides.  It  is  a  splendid  smelt-, 
ing  ore,  but  far  too  rich  for  milling.  Only  the  lower  grades  of  cherty 
and  ferruginous  ores,  under  100  ounces  to  the  ton,  will  be  proper 
material  for  the  mill. 

*  Altliniigh  no  autiruonial  compduntls  were  detei-ted   nniong  tlie    Lake  \'alley 
minerals,  some  form  of  antimony  exists  in  minute  quantity,  since  the  silver  l)ars 
uniformly  contain  a  minnte  trace  of  this  metal,  derived  probahly  from  the  oxidized 
ores  in  amalgamation. 
VOL.  X.— 28 
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Assays  of  the  Ores. 

Chevty  Droppings. 

I  cite  the  following  assays  made  at  the  mines,  October  18tli,  1881, 

on  cherty  samples  taken  by  me  from  the  west  drift  of  west  cut  near 

the  surface : 

Chert  with  embolite,  silver  per  ton,  240  ounces. 
Flint  with  embolite,  silver  per  ton,  186  ounces 

Other  samples  of  silicious  croppings  from  the  same  cuts,  with  native 
silver,  lead  carbonates,  and  embolite,  gave  me  respectively  490  ounces, 
1460  ounces,  and  164  ounces  of  silver  to  the  ton. 

Iron  ore,  with  embolite,  taken  500  feet  from  northeast  corner  of 
Stanton  claim  of  Sierra  Plata  at  surface,  gave  me  400  ounces  silver 
to  the  ton. 

Every  sort  of  mineral  in  those  croppings  gave  silver  on  assay.  A 
mass  of  brilliant  crystals  of  pyrolusite  (manganese  ore),  gave  me  45 
ounces  of  silver  per  ton,  and  pieces  of  croppings,  "  believed  barren," 
gave  from  9  ounces  upward. 

Ores  Rich  in  Lead  and  Silrer. 

1.  A  sample  sack,  taken  from  the  dump  of  ore  extracted  from  shafts 
3  and  4,  being  a  very  ferruginous  ore  mixed  with  carbonate  of  lead, 
yielded,  lead  32.4  per  cent.,  and  silver  129.42  ounces  per  ton. 

2.  A  sample  sack  taken  from  the  bottom  of  the  south  drift  west 
shaft,  gave,  lead  19.2  per  cent.,  and  silver  281.33  ounces  per  ton  ; 

'this  was  somewhat  silicious. 

3.  Carbonate  ore,  selected  dump,  slightly  silicious,  from  east  drift, 
gave  28  per  cent,  of  lead,  415.62  ounces  of  silver. 

4.  A  sample  sack  of  rich  chloride  and  ferruginous  ore,  with  man- 
ganese, taken  from  face  of  the  east  drift  of  the  "Joint  Shaft"  of 
Plata  and  Grande,  gave,  lead  20  percent.,  silver  10,289.69  ounces. 

In  all  these  samples,  the  lead  is  sufficient  in  quantity  to  bring  the 
ores  within  the  smelting  Classification  of  lead  ores,  the  lead  being 
almost  entirely  as  carbonate,  derived,  beyond  doubt,  from  the  trans- 
formation of  galena. 

Working  Tests. 

Messrs.  Mathey  and  Riotte,  of  the  New  York  Metallurgical  Works, 
have  kindly  supplied  me  with  the  results  of  milling  some  lots  of  the 
Sierra  mines  ores,  forwarded  to  them  from  the  mines  at  the  time  of 
my  visit.     These  tests  were  made  by  free  milling  amalgamation, 
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both  with  and  without  the  use  of  chemicals.     These  results  are  as 
follows,  viz, : 

Percent. 

Ore  from  Sierra  Grande,  witliont  chemicals,  yielded  .  .  .79 

Ore  from  Sierra  Grande,  with  chemicals,  yielded  .  .  .76 

Ore  from  Sierra  Plata,  without  chemicals,  yielded  .  .  .54 

Ore  from  Sierra  Plata,  with  chemicals,  yielded    .  .  .  .75 

Ore  from  Sierixt  Bella,*  without  chemicals,  yielded  .  ,  .     57 

Ore  from  Sierra  Bella,  with  chemicals,  yielded    .  ,  .  .68^ 

Of  the  Treatment  of  the  Ores  from  the  Sierra  Mines. 

These  ores  may  in  one  sense  all  be  properly  called  free  milling 
ores,   but    practically    they   divide    themselves    into    two    groups, 

viz. : 

1.  Smelting  ores. 

2.  Milling  ores. 

To  the  first  group  belong  all  the  rich  silver  lead  ores,  carrying  20 
to  30  per  cent,  of  lead  as  carbonates,  and  from  100  ounces  of  silver 
to  10,000  ounces,  and  even  more  than  this.  Lead  is  all  lost  in 
milling,  but  in  the  smelting  ores  it  is  paid  for  by  smelters,  if  present 
up  to  the  limit  of  20  per  cent.  The  combination  of  ores  in  the 
Sierra  mines  makes  the  best  smelting  mixture  possible  for  rapid  and 
economical  work,  without  loss — no  zinc,  copper  or  arsenic,  antimony 
only  in  feeble  traces,  and  little  silica,  while  iron,  manganese,  and 
lime,  act  as  fluxes. 

The  best  milling  results  possible  on  these  ores  involve  a  loss  of 
from  25  to  40  per  cent,  in  silver  value,  while  the  smelter  pays  for 
the  entire  silver  value,  less  three  ounces;  and  the  schedule  price  of 
$20  per  ton  for  smelting,  forms  a  small  item  in  the  returns,  on  ores 
of  many  hundred  ounces  of  silver  value.  The  few  milling  tests 
above  cited  sustain  this  statement  as  far  as  they  go.  Even  on  ores 
of  100  ounces  value,  smelter's  charges,  less  freight,  are  less  than  the 
milling  losses.  Experience  at  Silver  Cliif  and  elsewhere  has  shown 
that  manganifcrous  ores  which  carry  silver,  pass  through  the  mill 
without  amalgamating,  and  the  silver  value  is  found  in  the  tail- 
ings. 

The  milling  ores  of  the  second  class  will,  tiicrefore,  in  this  case, 
embrace,  properly  speaking,  only  the  silicious  ores,  and  some  of  the 
ferruirinous  ores  carrvinjr  chloride  and  chlorobromide  of  silver.    The 

*  From  the  Culumbia  claim,  very  ferrugiuous  ores,  full  of  cidoride  of  silver  and 
no  lead. 
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cherty  ores  particularly,  are  unsuited  for  smelting,  and  must  be 
treated  in  mills,  except  where  they  contain,  as  some  of  them  do, 
silver  to  the  extent  of  several  hundred  ounces. 

Smelting  Facilities. 

For  immediate  use,  the  Pueblo  Smelting  Works  of  Messrs. 
Mather  &  Geist,  the  works  of  the  Boston  and  Colorado  Smelting 
Company,  at  Argo,  near  Denver,  and  the  works  at  Omaha  and 
Leadville,  offer  every  facility,  with  the  advantage  of  competing  rates. 
For  the  iuture  it  is  quite  possible  that  smelting  works  on  a  consid- 
erable scale  may  be  erected  at  Socorro,  where  many  circumstances 
appear  to  point  to  a  prosperous  development  in  the  smelter's  art.  ■ 

Of  the  Nature  and  Probable  Origin  of  the  Lake  Valley 

Silver  Ores. 

From  what  has  gone  before,  it  will  be  understood  that  the  Lake 
Valley  mines  belong  in  the  same  category  with  the  Leadville,  and 
probably  the  Eureka  and  other  deposits  in  the  older  limestone  forma- 
tions, and  that  they  are  not  fissure  veins.  That  these  deposits  may 
equal  in  value  and  permanence  any  other  form  of  silver  deposit, 
cannot  be  denied,  in  view  of  mining  experience  of  a  like  nature  the 
world  over.  The  opinion  is  well-nigh  universal  in  favor  of  a 
fissure  vein  for  permanence,  but  the  history  of  raining  adventures 
is  full  of  examples  of  the  fact,  alas !  so  common,  that  while  the 
vein  remains,  the  character  of  Hamlet  has  been  left  out  of  the  play  ! 
"What  proportion,  for  example,  of  all  the  vast  area  in  extent  and  in 
depth,  which  the  last  twenty  odd  years  have  opened  upon  the  Com- 
stock,  has  proved  ore-bearing?  The  bonanzas, as  seen  in  a  projection 
of  that  famous  fissure,  have  been  the  rare  exception. 

At  Lake  Valley  the  ores  are  of  exceptionally  high  tenure  in  silver, 
and,  compared  with  Leadville,  Eureka,  and  Little  Cottonwood,  are 
low  in  lead. 

In  the  simplicity  of  their  mineralogy  and  metallurgy,  the  Lake 
Valley  ores,  as  already  remarked,  are  also  exceptional.  It  remains  to 
be  seen  if,  on  deeper  exploration,  these  conditions  remain  unchanged. 

The  absence  of  hydrated  species  is  remarkable.  The  iron  exists 
chiefly  as  specular  iron,  and  the  same  is  true  of  the  manganese.  This 
fact  indicates  the  probable  existence  of  a  temperature  adequate  to 
prevent  the  existence  of  limonite  or  hydrous  peroxide  of  iron.  This 
temperature  might  be  supplied  by  superheated  vapor  of  water, 
escaping  with  other  heated  gases,  from  the  deep.     The  chief  interest 
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of  such  a  speculation  in  this  case  is  the  probability  implied,  that  we 
may  look  deeper  for  ore  without  touching  bottom. 

The  origin  of  the  silver  is  probably  connected  with  the  bodies  of 
trachytic  rock,  propylite,  rhyolite,  etc.,  which  exist  as  eruptive  masses 
and  dykes  in  this  region.  As  yet  the  explorations  have  only  par- 
tially developed  the  extent  and  position  of  these  eruptive  rocks. 
It  is  probably  from  them  that  the  silver  has  been  derived.  And  the 
same  chemical  agency  which  has  dissolved  the  silver  from  its  former 
condition  in  these  has  set  free  the  silica,  now  found  in  the  cherty 
croj>pings,  and  the  iron  and  manganese  ores  associated  with  them. 

These  cherty  croppings  are  particularly  strongly  developed.  On 
the  high  ground  of  the  Apache,  some  500  feet  above  the  rich  ores  of 
the  Plata  and  Grande,  or  of  the  Sierra  Bella,  associated  with  the 
Apache  croppings,  manganite  occurs  abundantly,  and  some  very  rich 
silver  chlorides.  But  as  yet  almost  nothing  has  been  done  toward  the 
development  of  this  most  considerable  body  of  elevated  mineral 
ground. 

Postscript,  July,  1882. 

The  writer  made  a  second  visit  to  the  Sierra  Mines  in  June  last, 
and  found  some  important  changes  in  the  interval  since  his  former 

visit,  viz. : 

The  Mill. 

A  very  complete  and  well-constructed  silver  mill,  of  20  stamps, 
with  space  and  power  for  40,  has  been  constructed,  and  was  put  in 
successful  operation  during  the  month  of  June.  It  is  provided  with 
the  new  system  of  continuous  discharge,  devised  by  Mr.  Boss,  of  San 
Francisco,  designed  to  save  the  labor  of  handling  the  pulp  from  the 
tanks  to  the  amalgamating  pans.  This  system  is  said  to  have  worked 
well  in  other  cases  where  it  has  been  tried,  and  it  certainly  has  the 
merit  of  simplicity  and  economy. 

The  water  for  the  supply  of  this  mill,  is  laid  on  by  a  line  of 
wrouo-ht-iron  pipe  from  the  pump  station  near  the  lake,  about  three 
miles  distant. 

For  the  actual  output  of  this  mill,  and  the  loss  of  silver  in  the 
tailings,  we  must  wait  the  results  of  experience. 

New  Developments  on  the  Bella,  and  on  the  Plata 
AND  Grande  Ground. 

Our  present  concern  is  chiefly  with  the  developments  on  the  ore- 
bodies  by  explorations  in  depth.     Of  these,  there  are  two  or  three 
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which  areof  special  interest,  from  the  light  they  shed  upon  the  whole 
district. 

(1.)  On  the  ''Bella,"  the  claim  called  the  "Strieby"  has  been 
opene<l  by  a  shaft  snnk  on  the  dip  of  the  ore-body,  which  has  at  this 
point  an  angle  of  about  30°  S.  E.  The  hanging  wall  has  a  smooth 
and  continuous  contact  surface,  with  a  clay  parting  above  the 
ore-body,  which  has  a  thickness  of  about  five  feet  of  mixed  carbon- 
ates of  lead,  with  silver  chloride  stained  deep-brown  by  iron-man- 
ganese oxides;  the  average  assay  value  of  which  has  been  over  100 
ounces  per  ton.  The  dip  of  this  ore-body  has  gradually  flattened, 
until  at  about  180  feet  an  the  slope^  where  water  has  for  the  present 
arrested  further  progress  in  sinking,  its  inclination  is  not  more  than 
12°  or  15°.  The  underlying,  or  foot-wall,  of  limestone,  of  this 
ore-channel  is  less  well  defined  than  the  upper  wall.  It  exposes 
near  the  bottom  and  in  the  drifts  a  compact  rhyolite,  well  sprinkled 
with  minute  crystals  of  pyrite.  The  important  relation  of  these 
intruded  porphyritic  masses  to  the  silver  deposits  has  already  been 
mentioned,  and  need  not  be  elaborated  here. 

This  important  exploration  has  exposed  a  body  of  ores  variously 
estimated  at  from  12,000  to  1 5,000  tons, and  has  indicated  the  position 
for  a  downright  shaft,  which  is  to  be  sunk  immediately,  for  the  fur- 
ther prosecution  of  the  work,  the  unwatering  of  the  ore  ground,  and 
the  economical  hoisting  of  the  ore  to  the  surface. 

Ninety-eight  assays  in  April,  May,  and  June,  1882,  taken  from 
the  daily  workings  in  sinking  the  Strieby  shaft  and  drifting,  gave 
an  average  of  110|  ounces  of  silver  per  ton. 

(2.)  Another  similar  exploration  has  been  cominenced  near  the 
southwestern  limit  of  the  Plata  and  Grandeground.  Herea  cross-cut 
passes  through  aboilt  twenty-five  feet  of  ore,  black  with  manganese 
and  iron,  but  well  charged  with  silver  chlorides,  and  cutting  the  un- 
derlying limerock.  A  shaft,  sunk  downright  in  this  black  ore  mass, 
at  the  depth  of  about  30  feet,  struck  the  same  underlying  limerock, 
and  is  now  sinking  at  an  angle  of  about  70°  in  the  ore-body.  The 
strike  of  this  ore-body  is  the  same  as  that  in  the  Bella  (S.  E.  or  N. 
W.),  but  from  its  position  being  too  far  to  the  west  of  the  Strieby  shaft, 
it  can  hardly  be  the  same  ore-body,  and  it  is  yet  too  soon  to  say  with 
certainty  that  it  will  repeat  the  experience  of  the  Strieby,  but  such 
is  its  present  appearance.  New  masses  of  extremely  rich  chloride  of 
silver  have  also  been  developed  by  recent  explorations  on  the  Lincoln 
aijd  Stanton  claims,  and  it  is  said  in  large  quantity. 

From  these  explorations  it  appears,  so  far  as  now  seen,  that  there 
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are  probably  three  distinct  zones  of  ore-bearing  ground,  viz.,  those 
on  the  Phita  and  Grande,  that  already  described  as  seen  in  the  Strieby 
shaft,  and,  lastly,  that  laid  open  by  the  so-called  Colnmbia  shaft, 
which  is  in  advance  of  the  Strieby,  to  the  southeast,  and  where  the 
first  rich  ores  were  extracted  by  the  former  owners.  The  value  and 
necessity  of  continued  exploration  are  thus  clearly  shown.  And  this 
obvious  truth  has  lately  received  a  most  important  confirmation,  as 
the  result  of  a  well-directed  and  intelligent  work,  which  was  already 
in  progress  last  autumn,  but  which  has  only  very  recently  come  to  a 
successful  issue.  I  allude  to  the  work  undertaken  by  other  parties, 
beyond  the  limits  of  ownership  of  the  "Sierra"  companies,  upon 
ground,  known  as  the  ''  Hopeful,"  viz.  : 

The  Hopeful  Shaft. 

Rising  easterly  over  the  dividing  ridge  of  the  valley,  in  which  are 
found  the  basset  edges  of  the  fossil iferous  be5s  already  described,  we 
find  the  "  Hopeful  "  location,  distant  about  2000  to  2500  feet  from 
the  Strieby  shaft,  with  a  gentle  surface  slope  to  the  southeast,  near  the 
southwest  angle  of  this  location.  Mr.  H.  H.  Sawyer  and  his  associates 
commenced  last  autumn  a  downright  shaft,  expecting  to  cut  the  ore- 
body  of  the  Columbia  in  depth.  It  was  a  bold  undertaking,  consid- 
ering how  little  was  then  known  of  the  nature  and  extent  of  the  Lake 
Valley  ore-deposits,  and  naturally  was  regarded  with  much  incredulity 
by  all  to  whom  the  general  structure  of  the  region  was  an  enigma.  The 
result,  so  far,  has  well  vindicated  the  intelligence  which  inspired  the 
undertaking.  After  sinking  for  more  than  one  hundred  feet  through 
barren  non-fossil  iferous  limestone  beds,  the  beds  of  the  Lower  Car- 
boniferous shaly  limestones,  full  of  the  same  fossils,  already  mentioned 
as  overlying  the  ore-bodies,  were  cut  and  passed  through  ;  next  Ibl- 
hnved  the  hcavy-be(h1ed  limestone,  overlying  the  "  iron  cap,"  which 
marks  the  horizon  of  the  ore.  At  the  depth  of  155  feet  a  strong  fiow 
of  water  arrested  sinking,  until  a  i)ump  and  hoisting  apparatus  can 
be  put  in  place.  This  shaft  passed  through  three  feet  of  this  ferru- 
ginous capping,  from  which,  as  I  am  informed  by  Mr.  Sawyer, 
assays  of  2  to  20  ounces  of  silver  are  obtained.  This  very  interest- 
ing result  appears  definitely  to  settle  the  question  of  continuity  in 
extent  and  depth  of  the  Lake  Valley  ore-bodies,  at  least  for  that 
portion  of  the  area  thus  explored.  It  remains  now  to  be  detern)ined 
by  further  prosecution  of  the  same  exploration  :  1st.  If  the  "  iron 
cap"  here  cut  covers  a  similar  ore-mass  to  those  already  found 
near  surlace  on  the  Plata  and  Grande  and  Bella;  2d.  If  the  iudica- 
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tions  of  a  succession  of  like  ore-masses  overlying  each  other  is 
verified,  such  as  now  appear  to  exist  near  surface  as  three  distinct 
zones.  The  interest  and  importance  of  the  solution  of  this  question 
are  self-evident.  But  as  it  now  stands,  the  result  already  attained 
cannot  fail  to  stimulate  similar  explorations,  both  within  the  "  Sierra 
Mines"  areas,  and  upon  the  "Outside  Claims."  Already  a  large 
area  of  surface  is  covered,  especially  to  the  southeast,  by  such  mining 
locations,  upon  which  at  this  time  no  work  has  been  done. 

So  far  as  exploration  has  gone  no  faults  nor  dislocations  have 
been  discovered  in  the  Lake  Valley  region,  but  it  can  hardly  be 
expected  that  such  disturbances  will  not  be  encountered,  prol)ably 
not  to  the  same  extent  as  at  Leadville,  since  the  whole  area  surround- 
ing Lake  Valley  is  formed  from  the  lower  foot-hills  of  the  Mimbres 
and  Black  Ranges,  and  has  not  felt  the  stress  of  a  great  upheaval 
of  central  mountain  masses,  which  have  thrown  the  strata  at  Lead- 
ville into  such  complicated  foldings  and  faultings,  with  an  elevation 
of  over  10,000  feet.  Compared  to  the  Leadville  region.  Lake  Val- 
ley is  an  area  remarkably  free  from  such  disturbances. 

As  Lake  Valley,  especially  the  areas  of  the  Sierra  Mines,  is  at  sur- 
face a  dry  region,  quite  devoid  of  surface  water,  it  is  an  interesting 
fact  that  an  am{)le  flow  of  water  should  be  found  at  so  moderate  a 
depth  as  that  now  reached  (155  feet)  in  the  Hopeful  shaft,  where  180 
buckets  per  hour  did  little  to  lower  the  level  of  the  water  in  the  shaft. 
The  value  of  such  a  water  supply  in  a  dry  region  is  considerable,  but 
its  significance  as  an  evidence  of  extended  areas  of  drainage,  and  in- 
ferentially  of  ore-ground  also,  is  of  more  importance  yet. 

It  remains  yet  to  speak,  very  briefly,  of  some  other  regions  of  South- 
ern New  Mexico,  and  especially  of  the  Negretta  or  Black  Range. 

The  Black  Range. 

This  mountain  range  is  on  the  west  side  of  the  Rio  Grande,  about 
fifty  miles  from  that  stream,  and  it  extends  southwardly  from  a  point 
nearly  opposite  Socorro  across  Socorro  County,  and  into  the  adjoining 
county  of  Grant,  at  least  one  hundred  miles.  No  good  map  of  this 
portion  of  New  Mexico  exists,  and  the  Negretta  or  Black  Range 
(so  called  because  of  the  dark-colored  firs  which  cover  it)  is  often 
confounded  with  the  Mimbres  Mountains.  We  approached  this 
range  from  Engle,  a  station  on  the  Atchison,  Topeka,  and  Santa  Fe 
Railroad,  fording  the  Rio  Grande  near  old  Fort  McRea,  and  thence 
crossed  the  subordinate  Cuchillo  Negro  Range,  about  half  way  to 
Grafton,  a   mining  settlement  on  the  eastern  flank  of  the  Black 
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Rancje,  about  9000  feet  above  tide.  The  whole  of  this  region  was 
considered  so  unsafe,  both  from  hostile  Indians  and  worse  white 
banditti  (called  "Rustlers"),  that  it  was  thought  necessary  to  pro- 
vide a  military  escort,  which,  together  with  the  guns  carried  by  the 
party,  gave  us  twenty-five  Winchesters  and  two  mounted  scouts  per- 
fectly familiar  with  the  country.  No  difficulty  occurred,  however, 
nor  was  any  likely  to  happen  to  so  sirong  a  party. 

The  Black  Range  is  intersected  by  powerful  lodes  carrying  gold, 
silver,  copper,  zinc,  and  lead.  Hagan's  Peak,  a  prominent  land- 
mark, which  forms  the  apex  of  the  range,  appears  to  be  a  centre  from 
^Yhich  radiate  numerous  veins.  One  of  these,  known  as  Hagan's  Lode, 
is  covered  for  over  two  miles  by  successive  locations,  the  ores  of 
which  are  chiefly  valuable  for  silver,  with  a  little  gold  and  some  yel- 
low copper,  in  a  coarse-grained  crystalline  and  cellular  quartz,  the 
vein  being  generally  very  large,  e.  g.,  "The  Midnight"  samples 
gave  me  silver  15,  43,  and  118  ounces,  from  three  portionsof  the  vein, 
a  trace  of  gold,  and  under  5  per  cent,  of  topper.  "  The  Colossal  "  had 
127  ounces  of  silver,  ^  an  ounce  of  gold,  and  about  7  per  cent,  of  cop- 
per. The  "  Monte  Christo  "  yielded,  silver  168  ounces,  gold  1  ounce, 
with  under  1  |)ercent.  ofcop|)er.  These  are  obviously  all  ^v^e  mill- 
ing ores,  the  silver  existing  chiefly  as  chloride;  galena  and  lead  salts 
are  rare. 

This  vein  is  believed  to  extend  to  the  north  much  farther  than 
above  indicated,  covering  in  all  a  stretch  of  many  miles.  But  no  com- 
petent observer  testifies  to  the  truth  of  this  statement  as  the  result  of 
personal  investigation.  All  I  can  say  is,  that  I  saw  a  powerful  vein, 
which  I  followed  for  more  than  two  miles  from  the  town  of  Grafton, 
commencing  at  the  "  Ivanhoe,"  and  passing  the  Buckeye,  Surprise, 
Alaska,  Montezuma,  etc.,  and  so  on,  to  the  north,  and  beyond,  where 
I  followed  it  to  the  "  Wild  Horse."  It  is  said  to  maintain  its  course 
conspicuously  for  about  five  miles  from  the  point  of  starting.*  At 
the  "  Montezuma"  it  was  over  20  feet  wide;  a  mass  of  hard  quartz, 
with  noble  combs  of  amethystine  crystals  and  great  subveins  of  calcite 
included,  with  streaks  of  ore.  It  was  developed  by  a  shaft,  sunk  in 
the  eastern  porphyry,  which  incloses  it,  and  the  vein  remained  al- 
most undisturbed  for  150  feet,  the  depth  of  the  incline  shaft,  at  that 
time.  Samples  which  I  collected  gave  about  1  ounce  of  gold  and 
140  ounces  of  silver. 

This  vein  is  certainly  worthy  of  a  systematic  development.     The 


*  If  the  vein  from  Hagan's  Peak  to  the  "  Wild  Horse"  location  is  one  vein,  its 
length  is  from  ten  to  twelve  miles. 
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gold  is  not  visible  to  the  eye,  and  the  silver  exists  chiefly,  if  not  en- 
tirely, as  chloride. 

The  Ivanhoe  mine  is  that  which  has  given  to  the  Black  Range  its 
chief  fame.  It  is  opened  on  the  same  vein,  and,  so  far  as  it  has  been 
explored,  the  work  was  done  by  Colonel  Gillette  with  good  judgment 
and  economy.  At  the  time  I  saw  it  a  tunnel  had  been  run  in  along 
the  course  of  the  lode,  about  100  feet  below  the  croppings,  for  a  dis- 
tance of  between  200  and  300  feet,  and  a  shaft  sunk  to  the  next  level, 
100  feet ;  also  a  winze  100  feet  beyond  to  the  same  level.  The  vein 
was  of  remarkable  interest,  and  at  the  time  of  ray  visit  of  excep- 
tional value.  There  was  a  streak  of  black  ore  a  few  inches  wide  on 
the  footwall,  about  the  level  of  the  tunnel,  which  was  brilliant  with 
free  gold,  implanted  in  a  matrix  of  blackened  carbonate  of  lead,  owing 
its  color  perhaps  to  the  effect  of  light  upon  the  silver  chloride  it 
contained.  The  mineralogical  character  of  this  black  zone  was  rather 
complex  ;  vitreous  and  variegated  copper,  blue  and  green  malachite, 
yellow  copper,  zinc  blende,  calcite,  cerussite,  free  silver,  silver  chlo- 
ride, and  gold,  exist  in  its  quartzose  gangue.  Carefully  prej^ared 
samples  of  this  rich  ore  gave  from  50  to  60  ounces  of  gold  and  250 
ounces  and  over  of  silver.  This  naturally  gave  an  unwonted  stim- 
ulus to  speculation,  which  the  development  of  the  vein  in  depth  did 
not  sustain.  But  it  is  nevertheless  a  remarkable  vein,  as  its  average 
quartz  is  good  for  from  1  to  2  ounces  of  gold,  and  from  100  to  150 
ounces  of  silver.  The  vein  is  strong,  varying  from  3  or  4  feet  to  10 
feet  in  thickness.  Portions  of  it  which  I  broke  at  200  feet  depth 
on  the  hanging-wall  side  were  beautifully  brecciated  like  a  mosaic, 
showing  evidently  former  mechanical  violence,  the  cementing  silica 
which  bound  the  fragments  being  chalcedonic,  bordered  with  fringes 
of  metallic  particles  symmetrically  arranged  like  lines  in  an  agate. 

Much  more  might  be  said,  respecting  the  Ivanhoe  and  the  Great 
Master  lode,  on  which  it  is  opened,  but  it  is  enough  to  add,  from 
what  we  know  of  it,  that  systematic  exploration,  in  depth,  alone  will 
develop  its  hidden  treasures,  and  not  the  manipulation  of  its  shares 
in  Eastern  cities.  The  cross  valleys  or  gulches,  which  cut  this  great 
vein,  offer  numerous  points,  where  it  may  be  advantageously  opened 
by  tunnels  driven  in  on  its  course. 

Timber  abounds  on  the  Black  Range,  and  water  exists  in  quantity 
sufficient  for  milling  purposes.  It  is  a  region  full  of  wild  game, 
and  was  the  chosen  resort  of  Victorio,  who  declared  that  no  white 
man  should  set  his  foot  on  the  Negretta  and  live;  an  oath  which 
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he  kept  as  long  as  he  lived.     Near  Grafton  is  an  old  burial-ground 
of  the  Indian  race  to  which  Victorio  belonged. 

It  is  easy  to  say  much  more  of  the  Negretta  and  the  Mimbres,  of 
the  Burros  and  the  Mogalloncs,  but  most  of  tiie  information  I  pos- 
sess of  those  regions  is  derived  from  other  observers,  and  I  propose 
here  to  restrict  myself  to  my  own  explorations,  leaving  to  others  the 
development  of  the  regions  beyond. 

PyROMORPHITE    REPLACED    BY    WULFENITE    AND    VaNADIUM 

Compounds. 

INIany  years  since  I  first  called  attention  to  the  fact,  before  un- 
recorded, that  pyromorphite,  so  characteristic  a  mineral  in  the  lead- 
bearing  veins  of  the  Appalachians,  and  of  Great  Britain  and  the  Eu- 
ropean continent  generally,  was  almost  completely,  if  not  entirely,  want- 
ing in  the  lead  and  silver-bearing  veins  and  beds  of  the  Cordilleras  of 
Central  North  America.  In  thera  phosphoric  acid  is  replaced  chiefly 
by  molybdic  acid,  and  not  unfrequently,  as  I  have  since  discovered, 
by  vanadic  acid,  the  former  appearing  as  wulfenite  often,  as  at  Ta- 
coma  and  Eureka,  crystallized  in  specimens  of  unsurpassed  mag- 
nificence, and  passim  in  less  conspicuous  forms ;  the  latter  I  have 
more  recently  detected  in  a  considerable  number  of  localities  in 
Arizona  and  New  Mexico,  as  is  more  particularly  set  forth  in  a 
paper,  in  the  American  Journal  of  Science,  for  August,  1881.  At 
Lake  Valley,  vanadinite  occurs  in  small  but  very  perfect  hexagons, 
of  a  yellow  color,  clasely  resembling  some  habits  of  pyromorphite 
or  mimetite.  It  is  not  common,  but  I  found  a  considerable  mass  of 
drusy  quartz  on  the  Lincoln  claim,  quite  abundantly  studded  with 
these  crystals,  about  a  millimeter  in  diameter.  Wulfenite  has  not  so 
far  been  detected  at  Lake  Valley. 

The  veins  of  the  Negretta,  or  Black  Range,  mentioned  in  this  pa- 
per, are  quite  barren  of  wulfenite  and  vanadinite,  so  far  as  observed 
at  present.  On  samples  from  the  "  Tidal  Wave,"  a  location  on  the 
Hagan  lode,  I  detected  a  few  crystals  of  pyromorphite,  the  first  I 
have  seen  beyond  the  Wahsatch,  where,  in  1872,1  first  distinguished 
the  replacement  of  that  species  by  wulfenite.  But  it  is  to  be  re- 
marked that  the  veins  of  the  Black  Range  are  essentially  non-plumb- 
iferous ;  they  are  silver-bearing  gold  veins,  with  a  little  copjwr,  and 
less  lead,  so  far  as  I  have  seen  them. 

At  Socorro,  as  already  mentioned,  occur  vanadium  minerals,  one 
of  which  is  a  vanadiferous  mimetite,  a  variety  of  this  arsenide,  not, 
I  believe,  before  noticed.     There  are  two  other  vanadium    minerals 
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there,  one  of  which  is,  very  probably,  desoloizite,  but  they  remain  to 
be  studied  with  more  care  than  I  have  yet  been  able  to  devote  to 
them. 


A  REVIEW  OF  THE  STE.  GENEVIEVE  COPPER  DEPOSIT. 

BY  FRANK  NICHOLSON',   E.M.,   STE.    GENEVIEVE,    MO. 
HISTORICAL   SKETCH. 

Copper  ore  was  first  noticed  in  Ste,  Genevieve  County  in  1863. 
The  discovery  was  made  by  a  German  farmer  named  Simon  Grass, 
who  had  occasion  to  make  a  road  from  his  farm  down  the  hill  into 
the  neighboring  valley,  and  while  so  engaged  noticed  pieces  of  a 
green-colored  mineral,  some  of  which  he  collected.  Not  knowing 
the  character  of  the  ore  he  had  found,  and  supposing  it  to  be  valua- 
ble for  its  brilliant  green  color  only,  he  carried  a  piece  with  him  into 
the  town  of  Ste.  Genevieve  and  showed  it  around  the  various  bar- 
rooms as  a  curiosity.  No  special  attention  was  paid  to  the  matter 
until  nine  years  later,  when  Mr.  O.  D.  Harris  sent  a  specimen  of  the 
ore  to  Dr.  Theodore  Fay,  of  St.  Louis,  for  analysis.  This  analysis, 
which  was  the  first  ever  made  of  Ste.  Genevieve  copper  ore,  showed 
the  specimen  to  contain  : 

Copper, 17.75  per  cent. 

Zinc 3.21 

Iron 24.50 

Sulphur, 1.09 

Organic  matter,  silica,  carbon,  and  oxygen,      .         .        .  53.45 

lOii.OO 
From  this  analysis  it  is  evident  that  the  sample  was  taken  from 

near  the  surface,  and  was  probably  recognized   by  its  green  color. 

The  almost  entire  absence  of  sulphur  proves  it  to  be  an  oxidized 

form. 

There  is  on  file,  at  the  office  of  the  Ste.  Genevieve  Copper  Works, 

a  paper*  giving  three  assays  of  the  ore  made  in  1875  by  Henry  B. 

*  The  paper  referred  to  reads : 

"Kesultat  d'analyses  qiiantitatives  de  trois  principaux  minerais  de  cuivre  de  la 
nouvelle  veine  dans  la  montagne  Dudley,  Harris,  et  Cie. 

1.  Cuivre  pyriteux,  vari^te  lamellense,  avec  des  conches  minces  d'ocre  ferrugineuse ; 
cuivre  metalliqne,  33.5  per  cent. 

2.  Cuivre  oxidnl^  ferrif&re,  var.  compacte  ;  cuivre  met.,  36  per  cent. 

3.  Cuivre  oxidul^  ferrifere,  var.  granuleuse ;  cuivre  met.,  35.1  per  cent. 

Pour  analyse, 
Ste.  Genevieve,  Mo.,  Mai  le  9,  1875.  Henry  B.  Yelitbe." 
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Yelitre,  a  French  chemist.     These  assays  show  very  high  results. 
They  are  as  follows  : 

No.  1,  Copper  pyrites,  lamellar  variety  ;  metallic  copper,         .         .     33.5  per  cent. 
No.  2,  Oxidizer!  copper  and  iron  ;  metallic  copper,  ....     3(i.O       " 
No.  3,  Oxidized  copper  and  iron  ;  metallic  coj)per,  ....     35.1       " 

The  result  shown  in  No.  1  is  higher  than  I  have  ever  been  able  to 
obtain  from  chalcopyrite  from  this  county ;  Nos.  2  and  3  are  prob- 
ably impure  tenorite.  In  1868  explorations  under  the  direction  of  Mr. 
Harris  were  begun  on  the  section  where  the  croppings  had  been 
noticed  ;  but  after  a  short  period  of  unsuccessful  prospecting  the  work 
was  abandoned.  In  1872,  four  years  previous  to  the  death  of  Simon 
Grass,  Messrs.  Harris,  Rozier,  &  Co.  obtained  a  lease  on  the  property 
for  twenty-five  years,  paying  10  per  cent,  royalty.  In  1876  work 
was  begun  on  the  hill  opposite  that  on  which  copper  was  first  dis- 
covered, by  a  Chicago  firm  styled  Hitchcock,  Wilson,  &  Co.  After 
one  year's  unprofitable  working  this  firm  failed.  The  Chicago  mine 
— this  was  the  name  applied  to  the  old  workings  of  the  Chicago 
Company — was  bought  in  by  O.  D.  Harris,  who  now  owns  both  the 
Grass  and  Chicago  mines  and  operates  them  under  the  name  of  the 
Cornwall  Copj)er  Mines.  In  1876  Mr.  Leon  Jokerst  discovered 
another  outcropping  of  copper  ore,  about  four  miles  north  of  the 
Cornwall  mines,  and  took  out  considerable  ore,  running  from  20  per 
cent,  to  27  per  cent,  of  metallic  copper.  Following  the  lead  taken 
by  Mr.  Harris,  Mr.  Jokerst  called  his  property  the  Swansea  Copper 
Mine. 

In  1879  a  third  property  was  opened  near  the  Swansea  mine,  and 
was  named  the  Herzog  Copper  Mine.  These  three  mines  are  those 
given  in  the  Cet)sus  Reports,  by  Professor  Pumpelly,  and  a  study 
of  them  will  be  a  study  of  the  Ste.  Genevieve  copper  deposit. 
They  all  belong  to  the  same  formation,  and  a  study  of  one  reveals 
the  characteristics  of  all.  As  the  Cornwall  mines  are  most  largely 
developed,  having,  in  fact,  furnished  nine-tenths  of  all  the  ore  pro- 
duced by  Ste.  Genevieve  County,  and,  further,  as  the  Swansea  and 
Herzog  mines  are  at  present  idle  and  afford,  therefore,  but  poor 
facilities  for  study,  the  data  for  this  paper  have  been  obtained  from 
a  study  of  the  Cornwall  mines. 

From  1877  to  1880  the  mines  were  operated  by  contractors,  who 
agreed  to  work  under  the  supervision  of  a  mine-boss,  and  to  deliver 
to  him  the  ore  at  one  cent  per  pound,  irrespective  of  its  content  of 
metallic  copper,  the  only  desideratum  to  tiiem  being  that  it  be  ac- 
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cepted  by  the  mine-boss  under  whose  inspection  it  must  pass  before 
it  was  paid  for.  This  method  of  working,  though  it  secured  the 
company  controlling  the  mines  from  actual  loss,  had  its  disadvan- 
tages. Men  who  carefully  dressed  their  ore  were  naturally  displeased 
at  seeing  others  that  were  exceedingly  careless  about  the  matter  receive 
the  same  amount  per  ton  for  their  ore.  The  necessary  consequence 
was  that  all  hands  soon  adopted  the  plan  of  dressing  the  ore  as  little 
as  possible,  the  less  the  better,  so  long  as  it  was  accepted.  Neverthe- 
less, during  the  three  years  mentioned,  the  mines  paid  their  owners 
well. 

The  system  of  valuation  adopted  in  1880 — in  fact,  the  only  sen- 
sible one  where  contract  mining  prevails — was  to  pay  the  contractor 
a  certain  amount  per  ton  for  each  unit  of  copper*  contained  in  the 
ore,  the  price  paid  being  regulated,  of  course,  by  the  market  quota- 
tions for  ingot  copper.  Under  this  system,  each  lot  of  ore  is  assayed 
and  its  market  value  determined  before  the  ore  is  paid  for.  Under 
the  old  system,  contractors  delivering  12  per  cent,  ore,  received 
thesameper  ton  as  others  whose  ora  contained  25  per  cent,  of  copper. 
The  injustice  of  the  system  was  manifest,  and  as  above  indicated  re- 
sulted in  a  sort  of  race  to  see  who  could  deliver  the  poorest  ore  and 
have  it  accepted. 

In  1880  the  Cornwall  mines,  which  so  far  had  shipped  ore  to 
Baltimore,  Boston,  and  Phoenixville,  erected  works  for  making  raw 
matte,  and  in  1881  refining  works  were  added. 

The  mines  have  been  in  so  many  different  hands  that  it  is  impos- 
sible to  state  accurately  the  total  output  to  date.  However,  where 
figures  are  given,  they  are  taken  from  the  books  of  the  Ste.  Genevieve 
Copper  Works  and  can  be  relied  upon. 

In  the  following  pages  I  shall  discuss : 

I.  The  geological  formation  and  modes  of  occurrence. 
II.  The  geological  history  of  the  ore  district. 

III.  The  method  of  working,  as  illustrated  by  the  Cornwall 
mines. 

I.  Geological  Formation. 

The  Quaternary,  Coal  Measures,  Upper  and  Lower  Silurian,  and 
Archaean  systems  are  all  more  or  less  developed  in  Ste.  Genevieve 
County.  The  Ste.  Genevieve  copper  deposit  occurs  in  the  second  of 
the  Magnesian  Limestone  series  of  the  Lower  Silurian  system.  In  the 
inimediate  vicinity  of  the  mines  this  rock  attains  a  thickness  of  up- 
wards of  250  feet.  East  of  the  mines  the  Carboniferous  system  is 
met  and  continues  to  the  river  above  Ste.  Genevieve,  while  below  the 
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town  the  Quaternary  occnpies  the  half  dozen  sections  incliuled  between 
Dodge  Creek,  Mill  Creek,  and  the  Mississippi  River.  North  of  the 
town  the  Carboniferous  is  represented  by  the  Archimedes  and  St.  Louis 
limestones,  and  just  west  of  these,  the  Receptaculiteand  Trenton  lime- 
stones appear  as  representatives  of  the  Lower  Silurian,  which  reaches 
west  into  St.  Fran9ois  County.  There  are  no  outcroppings  of  Upper 
Silurian  between  Ste.  Genevieve  and  the  mines.  The  accom{)anying 
map  shows  the  geology  of  the  county.  For  most  of  the  data  I  ara 
indebted  to  Dr.  Shumard,  who  has  done  the  only  reliable  geological 
work  that  has  been  done  in  Ste.  Genevieve  County.     I  have  been 
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thus  exact  in  the  above  sketch  of  the  geology  of  the  county  for  the 
following  reason,  viz. :  the  only  work  done  in  Ste.  Genevieve  County 
since  the  discovery  of  workable  deposits  of  copper  was  done  by  Mr. 
James  R.  Gage.  In  his  report  to  Messrs.  Rozier,  Harris,  &  Co.,  in 
June,  1877,  Mr.  Gage  says  :  "  The  geology  of  the  copper  ore  district 
belongs  to  the  Upper  Silurian  formation,  which  extends  far  to  the  west, 
and  reaches  to  within  a  few  miles  of  the  river  on  the  east,  from  which 
])oint  the  Carboniferous  system  occupies  the  intervening  district  to 
the  river."  This  statement  I  can  only  suppose  an  error  consecpient 
upon  a  too  hasty  examination.     One  of  the  plainest  guides  for  the 
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determinatidn  of  geological  formations  in  Southeast  Missouri — one 
easily  Ibllowed,  even  by  those  unskilled  in  palaeontology — is  the 
saecharoidal  sandstone,  which  attains  a  thickness  of  more  than  40 
feet,  about  2  miles  east  of  the  mines.  This  sandstone  is  largely  de- 
veloped in  Ste.  Genevieve  County  and  is  easily  recognized.  It  con- 
sists of  a  remarkably  pure  white  sand,  of  very  fine  grit,  and,  according 
to  an  analysis  of  a  selected  sample,  made  in  the  laboratory  of  the  Ste. 
Genevieve  Copper  Works,  contains  99.6  per  cent,  of  silica.  It  has 
of  late  been  used  successfully  on  furnace  bottoms,  and  for  years  was 
shipped  to  Pittsburgh,  Pa.,  and  to  Wheeling,  W.  Va.,  for  glass- 
making. 

The  Second  Magnesian  Limestone  consLstsof  asilicious,  magnesiaa 
limestone,  interstratified  with  seams  of  chert.  Numerous  pockets  or 
openings  occur  in  this  limestone.  The  smaller  ones  are  lined  with 
crystals  of  dog-tooth  spar,  while  the  larger  ones  contain  stalactites 
and  stalagmites.  The  crystals  mentioned  are  never  transparent,  but 
are  usually  translucent,  and  have  a  milky  or  brownish  color,  the  latter 
being  due  to  the  presence  of  iron.  The  cavities  vary  in  size  from  3 
inches  to  20  or  30  feet,  but  6  feet  is  about  the  average  length. 
Crystals  of  dog-tooth  spar  20  inches  long  are  not  uncommon. 

The  chert  seams  occurring  in  this  formation  are  from  ]  to  12 
inches  in  thickness,  and  of  varying  distances  apart.  The  chert  is 
generally  hard,  breaks  with  a  conchoidal  fracture,  and  has  a  dull 
white  color.  In  the  drifts,  however,  it  often  occurs  as. a  porous, 
more  or  less  friable  mass,  termed  by  the  miners  "  chalk "  rock, 
"  cotton  "  rock,  etc.  The  broken  chert  is  found  cemented  with  cal- 
careous matter,  with  ore  running  in  seams  all  through,  and  often 
entirely  covering  the  conglomerate  mass.  The  chert  rarely  contains 
minute  cavities,  in  which  are  found  small  hexagonal  prisms,  with  one 
end  buried  in  the  side  of  the  cavity,  the  other  free,  and  terminated 
with  a  hexagonal  pyramid.     No  large  quartz  crystals  are  found. 

As  far  as  can  at  present  be  determined,  the  copper  deposit  consists 
of  two  nearly  horizontal  sheets  of  ore,  between  strata  of  chert,  in 
the  limestone.  Some  difference  of  opinion,  however,  exists  in  regard 
to  this  matter.  Mr.  Gage,  in  the  paper  before  mentioned,  says, 
"The  copper  ore  occurs  in  three,  possibly  four,  distinct  beds."  Mr. 
Gage's  reasons  for  believing  this  are  not  stated  in  his  report,  and 
will,  probably,  forever  remain  a  mystery.  The  upper  of  the  two 
known  levels — that  from  which  nearly  all  the  ore  has,  so  far,  been 
extracted  at  the  Cornwall  mines — is  about  250  feet  above  the  bed  of 
the  stream  traversing  the  adjacent  ravine. 


I 
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The  lower  level — that  worked  at  the  Swansea  mine — is  at  least 
150  feet  below  the  upper  level.  After  a  careful  examination,  as- 
sisted by  surface  explorations,  I  was  unable  to  find  any  evidence  of  a 
third  level.  No  machine  drills  being  used  at  the  mines,  no  pros- 
pecting has  been  done  by  boring,  and  hence  the  number  of  levels  is 
not  definitely  settled.  But  I  would  certainly  hold,  that  no  one  would 
be  justified  in  asserting  that  there  were  "three,  possibly  four,  dis- 
tinct beds,"  when  evidence  of  only  two  existed. 

The  following  ores  occur: 

(1.)  Chakopyrite. — After  penetrating  the  hill  to  a  distance  beyond 
the  effect  of  surface  influences — atmosphere  and  moisture — this  ore 
is  found  massive,  and  from  3  inches  to  several  feet  in  thickness.  It 
constitutes  the  bulk  of  the  ore  now  mined.  Near  the  surface  it  is 
often  found  coated  with  crystals  of  malachite  and  azurite.  It  is 
sometimes  found  softened  and  discolored,  so  as  to  look  like  tenorite. 
An  analysis  of  such  a  piece  showed  it  to  contain : 

Copper, 2S.0  per  cent 

Sulpliur,         .,.,....     31.2         " 

This  ore,  in  varying  proportions,  accompanied  by  chalcocite  and 
oxidized  ores,  is  found  in  all  [)arts  of  the  mine.  When  found  suffi- 
ciently far  in  the  hill  to  be  free  from  surface  influences  it  has  a  bril- 
liant brassy  color,  which  quickly  tarnishes  upon  exposure,  forming 
beautiful  specimens  of  peacock  ore. 

(2.)  Chalcocite. — This  ore  is  never  found  in  large  quantities.  It 
usually  carries  about  GO  per  cent,  of  copper. 

(3.)  Ilalachite. — This  occurs  (a)  massive,  (6)  as  incrustation. 
When  massive  it  is  earthy,  and  varies  widely  in  the  percentage  of 
copper  contained,  some  specimens  carrying  as  low  as  11  per  cent., 
while  others  contain  37  per  cent,  to  40  per  cent.  A  general  average 
of  the  carbonates  is  about  20  per  cent.  Some  pieces  are  nearly 
pure,  and  admit  of  a  high  polish  when  ground  to  a  smooth  surface. 
When  incrusting  it  occurs  as  delicate  fibrous  crystals,  and  is  of  very 
little  economic  value,  the  incrustation  forming  but  a  small  fraction 
of  the  weight  of  the  ore  or  rock  incrusted. 

(4.)  Azurite. — This  occurs  as  an  incrustation  only.  It  is  of  no 
economic  value,  as  the  amount  is  exceedingly  small. 

(5.)  Cuprite. — This  occurs  in  considerable  quantities  as  seams  in 
sulphide,  and  occasionally  unaccompanied  by  other  forms.  In  the 
latter  case  the  ores  are  silicious  and  vary  in  content  of  copper,  from 
8  per  cent,  to  42  jier  cent.  In  the  fi)rmer  case  it  has  increased  the 
percentage  of  copper  in  the  chalcopyrite  to  45  per  cent. 
VOL.  X. — 29 
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(6.)  Tenorife. — Not  niPt  with  extensively.  When  fonncl'it  is  im- 
pure, containing  about  50  per  cent,  of  copper  and  13  per  cent,  of 
sulphur.     It  is  soft,  black,  or  blue-black,  and  soils  the  hands. 

(7.)   ChrysocoUa. — Only  specimens  are  found. 

The  followino;  sections,  taken  from  various  ])arts  of  the  mine,  are 
of  interest  as  showing):  the  mode  of  occurrence  of  the  ore.     Fig.  1 
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Fig.  I 


represents  a  section  in  the  Shearlock  drift,  at  a  point  where  the  ore 
is  unusually  solid  and   free  from  chert  fragments.     This  section  is 
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taken  270  feet  from  the  mouth  of  the  drift;  consequently  surface 
influences  are  but  little  felt,  and  the  ore  is  found  unaltered. 

Fig.  2  represents  a  section  in  the  same  drift,  about  60  feet  from 
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the  month  of  the  drift.  A,  is  a  pocket  partially  filled  with  silicious 
olay.  These  pockets  are  met  with  frequently.  The  ore  is  here  very 
silicious,  as  it  is  filled  with  pieces  of  chert  and  cut  out  to  a  consid- 
erable extent  by  sand  boulders.     These  sand  boulders  consist  of  an 


2 

i 

I'S" 

I's" 
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Chert  and  ore 


argillaceous  sand  of  moderately  fine  grit.  No  copper  has  ever  been 
found  in  them  ;  on  the  contrary  the  ore  seam  invariably  thins  out 
where  these  appear. 

Fig.  3  is  a  sketch  from  the  same  drift,  showing  a  common  occur- 
rence of  the  ore.     Often  the  chert  is  so  intimatelv  mixed  with  the 
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ore  as  to  preclude  the  possibility  of  anything  like  effective  hand  dress- 
ing. 'The  ore,  in  this  ease,  is  ehalcopyrite,  with  malachite,  azurite, 
and  red  and  black  oxides,  the  oxidized  ores  constituting  fully  one- 
half.  Tiie  chert  consists  of  angular  fragments,  with  seams  of  ore 
running  in  every  direction.  Fig.  4,  taken  from  the  same  drift, 
shows  the  sand   boulders  above   mentioned.     The   ore  seam    (♦I'ten 
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thins  out,  from  several  feet  in  thickness  down  to  a  few  inches,  and  in 
some  cases  disappears  altogether.  Tlie  ore  represented  in  Fig.  4  is 
sulphide,  with  flakes  of  carbonate  along  the  planes  of  cleavage. 

Fig.  5  is  a  sketch  taken  from  the  Yalle  drift,  235  feet  from  the 
mouth  of  the  drift.    The  ore  here  is  a  very  compact  sulphuret,  almost 


\7'/////W///''//'/.Wl'/, 


,  'Limestone 
_.    Roof 


,1  ,1 

3!8 


1.2 

1-- 


Floor 
Chert 


«z 


Fig.  5. 

free  from  gangue.     About  15  feet  from  the  point  where  tliis  sketch 
was  taken  the  ore-seam  disappears  altogether  to  reappear  further  on. 
Fig.  6  is  a  sketch  taken  at  the  place  where  the  ore-seam  disap- 
pears. 
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The  sketches  triven  illustrate  the  various  modes  of  occurrence  of 
the  ore,  and  from  a  study  of  tliem  we  are  enabled  to  read  with  con- 
siderable accuracy  the 

II.  Geological  History  of  the  Ste.  Genevieve  Ore 

District. 

The  geological  history  is  so  nearly  identical  with  that  of  the  South- 
west Missouri  lead  and  zinc  region,  that  I  cannot  do  better  than 
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give  the  liistoiy  of  the  latter  in  the  M'ords  of  Dr.  Sohmirlt  (see 
Missouri  Geological  Survey,  1873-1874),  with  such  changes  as  to 
render  the  matter  applicable  to  the  former. 

The  geological  history  of  the  Ste.  Genevieve  copper  deposit  may 
be  divided  into  five  periods,  as  follows  : 

(1.)  Period  of  Deposition. — During  this  period  a  silicious  limestone 
was  deposited.  While  this  was  still  calcareous  ooze,  the  chert  seg- 
regated out  in  numerous  thin  layers,  occasionally  containing  milky 
quartz.  This  deposit  probably  remained  unaltered  for  a  very  long 
time,  and  became  hard,  dry,  and  dense  before  the  second  period 
began. 

(2.)  Period  of  Dolomization, — During  this  period  dolomization  of 
the  limestone  was  accomplished  through  the  agency  of  magnesian 
Avaters  percolating  through  the  strata  and  depositing  magnesium 
carbonate.  The  principal  deposition  of  ores,  from  watery  solutions, 
as  also  the  disturbances  and  ruptures  in  the  chert,  in  consequence  of 
the  contraction  of  the  limestone,  belong  to  this  period.  The  dolo- 
mization of  the  limestone,  and  the  simultaneous  deposition  of  the 
ores,  began  from  horizontal  crevices,  and  then  extended  through  the 
whole  mass  of  one  stratum  of  limestone,  and  was  limited  by  the 
layers  of  chert  above  and  below.  This  process  was  going  on  in  pre- 
cisely the  same  manner  at  the  different  levels. 

(3.)  Period  of  Dissolution. — This  period  is  not  so  marked  in  Ste; 
Genevieve  County  as  in  Jasper  and  Newton;  yet  the  numerous  frag- 
ments of  chert,  the  large  amount  of  clay,  sand,  and  rotten  silicious 
dolomitic  limestone  occurring  in  the  drifts,  show  plainly  that  there 
has  been  such  a  period.  The  final  deposition  of  ores  probably  took 
place  toward  the  close  of  this  period.  There  is  no  doubt  that  ores 
were  deposited  after  the  accumulations  of  chert  were  formed,  as 
chert  is  often  found  entirely  covered  with  chalcopyrite.  Pieces  of 
chert  are  also  cemented  together  with  ore. 

(4.)  Period  of  Regeneration. — Local  regeneration  of  the  partially 
dissolved  and  softened  limestone,  by  renewed  deposition  of  carbonate 
of  lime,  local  infiltrations  of  silica,  and  possibly  a  continued  depo- 
sition of  ores,  belong  to  this  period.  All  the  conglomerates,  which 
consist  of  chert  fragments  cemented  by  either  a  silicious  or  by  a 
calcareous  mass,  were  formed  in  this  period. 

(5.)  Period  of  Oxiddtion. — During  this  period  thesulphurets  were 
changed  to  oxides  and  carbonates.  This  is  specially  noticeable  near 
the  surface;  but  so  far  has  the  oxidation  been  carried,  that  in  the 
east  drift,  specimens  of  malachite  and  tenorite  were  obtained   400 
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feet  from  the  mouth  of  tlie  drift.  The  shells  of  brown  hematite 
were  formed,  during  tliis  period,  from  the  oxidation  of  the  pyrites. 
Near  the  surface  these  shells  are  very  numerous.  This  period,  of 
course,  reaches  up  to  the  present  day. 

III.  Method  of  Workixg. 

The  Cornwall  copper  mines  are  situated  in  T.  37  N.,  R.  8  E.,  in 
Ste.  Genevieve  County.  They  occupy  parts  of  sections  15,  16,  21, 
and  22,  and  comprise  altogether  310  acres.  The  immediate  vicinity 
of  the  mines  is  hilly,  the  surface  consisting  of  limestone,  which  has 
been  considerably  eroded,  the  crests  of  the  hills  being  several  hun- 
dred feet  above  the  beds  of  the  streams  traversing  the  adjacent  ra- 
vines.    The  dip  of  the  limestone  is  about  5°  east. 

The  district  is  fairly  timi)ered,  and  the  valleys  are  well  suited  for 
agricultural  purposes.  The  mines  are  10  miles  from  the  town  of 
Ste.  Genevieve,  and  12  miles  from  the  smelting  works,  which  are 
located  at  Rock  Haven,  the  landing  for  Ste.  Genevieve,  boats  being 
unable  to  land  at  the  town  on  account  of  a  sand-bar  which  has 
formed  in  front  of  the  place. 

There  is  no  railroad  nearer  than  the  St.  Louis,  Iron  Mountain, 
and  Southern  Railroad,  which  passes  through  St.  Fran9ois  County. 
All  transportation  of  ore,  from  the  mines  to  the  smelting  works,  is, 
therefore,  by  means  of  wagons. 

The  roads,  from  the  mines  to  the  works,  are  for  the  most  part  of 
red  clay,  and  during  wet  weather  are  almost  impassable  for  heavily 
loaded  wagons.  In  dry  weather,  however,  they  are  very  good,  com- 
paring favorably  with  country  roads  elsewhere.  With  but  little 
labor  and  expense  they  could  be  greatly  improved.  The  gravel,  so 
plentiful  in  Ste.  Genevieve  County,  wouhl  be  excellent  for  this 
purpose. 

At  the  mines  there  has  sprung  up  a  small  village,  containing 
twenty-one  dwelling  houses,  besides  ore  sheds,  blacksmith  shops,  and 
dressing  sheds.  In  honor  of  the  owner  of  the  mines,  the  town  has 
been  named  Harris ville. 

Each  dwelling-house  contains  one  room,  16'  x  18',  with  kitchen 
in  rear.  The  cost  of  erection  of  these  houses  is  one  hundred  dollars. 
Thev  are  rented  to  miners  with  families  at  two  dollars  per  month. 

There  is  abundance  of  good  water  about  the  mines,  and  one  or 
two  springs  strong  in  sulphuric  acid.  With  each  house  there  is  a 
piece  of  ground  for  raising  vegetables.  The  wages  paid  are  from 
$1.10  to  $1.35  per  day,  the  former  being  paid  for  dressers,  the  latter 
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for  miners.  This  enables  the  men  to  live  very  comfortably,  as  it  is 
paid  in  easli,  the  mines  ownino;  no  store.  The  cost  of  the  necessa- 
ries of  life  is  moderate.     In  February,  1882,  sui)|)lies  cost : 

Pork,        .         .         .         .         .         .         .         .  $0  14  per  pound. 

Butter, 2')         " 

Sugar, 12J        " 

Flour, 4  00  per  100  pounds. 

Potatoes, 1  60  per  bushel. 

Corn  meal,        .         .        • 1  60         " 

Chickens, lo  each. 

Coffee, 20  per  pound. 

Beans,      .         .' 7          " 

Tomatoes  (canned),          .....  7          " 

Altogether  there  are  seventy-four  men  employed  in  and  about  the 
mines,  exclusive  of  teamsters.  The  men  all  hegin  work  at  7  a.m. 
The  dressers  work  until  6  p.m.,  while  the  miners  quit  as  soon  as  they 
have  finished  a  fair  day's  work.  This  is  now  recognized  to  be  12 
feet  of  drill  holes  for  two  men, — a  striker  and  a  holder.  No  ma- 
chine drills  are  employed. 

The  drills  used  are  |"  octagon  steel  with  1|"  bit.  Each  drift  is 
under  the  immedi.ite  (charge  of  a  contractor,  who  agrees  to  work 
under  the  general  sujiervision  of  a  mine  superint'-ndent,  and  to  de- 
liver to  him  the  ore  at  the  rate  of  $1.50  j)er  unit,  when  ingot  copper 
is  worth  20  cents  [)er  pound  in  St.  Louis,  This  amounts  to  7h  cents 
per  pound  for  the  co|)per  contained  in  the  ore,  and  leaves  the  works 
the  neat  little  margin  of  12i^  cents  per  pound.  The  assay  is  inva- 
riably made  in  the  laboratory  of  the  smelting  works,  and  no  appeal 
can  be  taken  from  the  decision  there  rendered.  1.3  per  cent,  is 
deducted  from  the  wet  assay  to  make  up  f  )r  the  losses  in  smelting. 

The  hauling  from  the  mines  to  the  works  is  done  by  contract.  It 
costs  $2.50  per  ton  all  the  year  round. 

The  present  output  of  the  mines  is  150  tons  per  month.  This 
could  be  doubled  by  putting  on  a  night  shift. 

The  drifts  are  run  in  on  the  outcrop,  4  feet  wide  by  6  feet  high, 
the  cost  of  driving  being  $6.50  per  linear  foot.  When  the  ore-faces 
show  well  in  the  drift,  chambers  are  laid  olf  and  worked  out.  The 
roof  is  usually  kept  sullficiently  high  to  enable  a  man  to  stand  erect 
in  the  drift.  In  places  this  height  is  greatly  exceeded  on  account  of 
the  uj)per  strata  being  too  weak  to  su|>|)ort  their  own  weight. 

A  part  of  the  wastage  is  stowed  in  the  old  workings.  The  re- 
mainder is  carried  out  on  the  dumps. 
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The  ore  is  kept  on  the  floor  of  the  drift.  The  rock  is  stripped 
from  the  ore  for  several  days,  and  the  ore  is  then  lifted  by  means  of 
gads,  or,  if  it  be  very  solid,  a  light  charge  of  black  powder  is  em- 
ployed to  raise  it. 

Giant  powder  (Atlas  No.  2)  and  black  powder  are  the  explosives 
used  in  blasting.  Glukodine  was  used  for  a  short  time  with  great 
success,  and  its  use  was  discontinued  only  on  account  of  the  preju- 
dice of  the  miners,  who,  as  a  class,  are  always  opposed  to  the  intro- 
duction of  anything  new. 

The  ore  and  a  large  amount  of  waste  rock  are  removed  from  the 
mines  by  means  of  tram-cars,  which  run  on  wooden  tramways,  and 
are  pushed  along  by  boys.  Each  car  has  a  capacity  of  about  500 
pounds  of  ore.  The  ore  is  delivered  by  these  cars  at  the  dressing- 
sheds,  where  most  of  the  adhering  rock  is  removed.  When  carefully 
dressed  the  ore  carries  25  per  cent,  of  copper.  'Ordinarily,  the  ore 
as  delivered  at  the  smelting  works  carries  about  18  per  cent.  For 
the  year  ending  December  31st,  1881,  the  average  content  of  metallic 
copper,  in  all  ore  delivered  to  the  smelting  works^  was  18.1  per  cent. 
The  principal  portion  of  the  gangue  remaining  with  the  ore  is 
chert,  and  hence,  when  delivered  at  the  works,  the  analyses  of  the 
ore  often  shows  50  per  cent,  of  silica. 

No  educational  facilities  are  at  present  oifered  ;  but  it  is  thought 
that  a  school  will  shortly  be  established  for  the  benefit  of  the  chil- 
dren of  the  miners. 

The  cost  per  ton  of  the  ore  delivered  at  the  smelting  Avorks,  sup- 
posing it  to  carry  on  the  average  18  per  cent,  of  copper,  is: 

Mining  and  dressing,  at  $1.50  per  unit, $27  00 

Supervision,  weigliing,  etc., 0  33J 

Hauling, 2  50 

$29  83J 
The  market  value  of  such  ore,  when  copper  is  quoted  at  20  cents, 
is   $3  per  unit,   or  $54  per  ton.      Net  profit  to  owners,   $24.16f 
per  ton. 


BOEFER'S  METHOD  OF  DETEBMININO  FAULTS  IN 
MINEBAL  VEINS. 

BY   R.    W.    RAYMOND,    PH.D.,   NEW  YORK. 

I  DESIRE  to  call  the  attention  of  members  of  the  Institute  to  a  new 
method  of  plotting  and  determining  faults  in  mineral  deposits,  sug- 
gested by  Prof.  Hanns  Hoefer,  lately  of  the  Mining  School  of  Przi- 
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bram,  and  now  of  the  School  of  Leoben,  and  one  of  the  editors  of  the 
Austrian  Zeif.ichrift  far  Berg-  und  Hiitfenwesen,  in  tlie  29th  volume 
of  which  ai)pears  his  ])aper  on  the  subj'ect.  I  will  here  give  an  ab- 
stract of  its  contents,  which,  though  partial,  will  be,  I  trust,  sufficient 
for  my  pur}>ose. 

In  the  examination  of  a  fault,  we  usually  follow  the  rule  of  Zim- 
mermann,  which  assumes  that  the  hanging- wall  of  a  faulting-fissure 
has  slid  downward  in  the  direction  of  its  dip;  but  dislocations  (of 
coal-seams  in  j)articular)  show  many  cases  in  which  one  part  of  the 
seam  has  been  shoved  over  the  other;  that  is,  the  hanging-wall  of 
the  faulting-fissure  has  slid  upward  instead  of  downward.  For  a 
long  time,  every  dislocation  of  a  mineral  deposit  upon  a  cross-fissure 
was  regarded  as  necessarily  belonging  to  either  one  or  the  other  of 
these  two  classes.  It  was  either  a  slide  [Sprung)  or  a  heave  (  WeehscI). 
But  it  has  been  proved  of  one  and  the  same  fault  that  it  may  appear 
at  one  place  ta  be  a  slide,  while  at  another  place,  even  in  the  same 
mine,  it  appears  to  be  a  heave. 

This  phenomenon  itself  suffices  to  show  that  the  classification  of 
dislocations  is  not  so  simple  as  has  been  supposed,  and  the  methods 
pursued  by  mine  surveyors,  based  upon  that  classification,  may  there- 
fore need  improvement.  These  methods,  as  is  well  known,  assume 
that  throuo'hout  a  ffiven  fault  the  motion  of  the  hano;ino:-wall  has 
been  everywhere  the  same,  and  consequently  that  the  so-called  ver- 
tical interval  or  "throw,"  determined  by  exploration  of  the  two  dis- 
located parts  of  the  deposits  at  any  one  point,  is  a  guide  for  explora- 
tion at  all  other  points.  Practice^  however^ shows  that  this  guide  is 
not  unerring.  It  does  not  always  agree  with  the  indications  of  ac- 
tual movement  and  direction  furnished  by  the  striatious  of  the  walls 
of  the  faulting-fissure.  These  marks  frequently  do  not  follow  the 
dip,  but  lie  obliquely  across  it.  The  oblique  or  other  motion  thus 
indicated  is  certainly  one  of  the  elements  in  the  geometrical  problem 
presented  to  the  surveyor. 

Fig.  1  may  illustrate  this  point.  Let  AB  be  the  line  of  intersec- 
tion between  the  vein  i.  and  the  faulting-fissure  1^,  the  striations  of 
which  indicate  that  the  movement  took  place  in  the  direction  of  CD. 
The  dislocated  continuation  L'  of  the  vein  being  found  at  EF,  the  old 
rule  would  declare  that  the  case  was  one  of  a  heave  or  upward  move- 
ment of  the  hanging-wall ;  and  yet  it  is  really  an  oblique  slide. 
That  the  distinction  is  important  appears  when  we  consider  that,  if 
the  vein  being  worked  in  the  foot-wall  of  the  faulting-fissure  had 
contained  an  ore-body  which  was  cut  off  by  the  fault  at  G,  the  old 
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rule  would  require  us  to  accept  the  continuation  of  this  ore-body  at 
some  hiiiher  point  in  the  hanging-wall  of  the  fault;  whereas,  by  the 
present  hypothesis,  it  is  at  the  lower  point  H,  to  which  the  striations 
tend.  It  IS  apparent  that  an  oblique  slide  would  not,  according  to 
the  old  rule,  appear  to  be  a  slide  at  all,  unless  the  striations  (that  is, 
the  actual  movements)   were  steeper  in   dip  than  the  lines  of  in- 


Fig.l. 


tersection.  In  case  L'  had  been  horizontally  moved,  the  dislocation 
would,  by  the  old  rule,  be  a  slide,  if  it  had  moved  in  one  direction, 
and  a  heave,  if  it  had  moved  in  the  other ;  whereas,  in  reality  it  would 
have  been  neither. 

But  Professor  Hoefer  goes  further,  and  declares  that  i\\e  parallel 
uniform  movement  of  the  hanging-wall  of  a  fault  is  not  to  be  always 
assumed.  The  evidence  of  this  statement  is  drawn  especially  from 
coal-seams;  not,  as  I  apprehend,  because  the  dislocations  of  these 
deposits  are  different  in  nature  from  those  of  metalliferous  veins,  but 
because  coal-mining  has  furnished  more  extensive  excavations,  and 
therefore  a  greater  body  of  evidence  than  any  other  branch  of  the 
business.  Moreover,  we  can  with  greater  certainty  judge  what  was 
the  original  position  of  a  coal-bed  than  we  can  of  a  fissure-vein. 
When  the  latter  suddenly  changes  dip,  for  instance,  beyond  a  fault, 
we  cannot  be  sure  that  the  change  of  dip  did  not  exist  before  the 
dislocation  took  place.  This  phenomenon  of  a  change  of  dip  and 
also  of  strike  is  frequent  in  coal-fields,  under  such  conditions  as 
make  it  reasonably  certain  that  neither  the  original  position  of  the 
coal  nor  irregularities   in  the  faulting-fissure  were  the  cause;  but 
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rather  that  tlic  relative  movement  of  the  two  parts  of  the  deposit  was 
not  in  parallel  lines.  In  many  eases  where  veins  show  a  uniform 
dip,  that  is,  approach  in  form  a  re,ii:nlar  plane,  and  yet  exhibit  these 
chani!;es  beyond  a  fault,  it  is  reasonable  to  infer,  instead  of  a  simple 
slide  or  heave,  a  partial  revolution  of  the  mass  on  the  han>ring-wall 
side  of  the  fault  around  an  axis  normal  to  the  plane  of  the  faulting- 
fissure.  A  simple  geometrical  construction  will  show  that  when  one 
mass  of  rock  has  moved  in  this  manner  upon  another,  the  dislocated 
portion  of  the  mineral  deposit  common  to  the  two  must  acquire  a 
diffcreut  strike  and  dip  from  that  which  has  remained  unmoved. 
Professor  Hoefer  cites  as  an  illustration  a  very  extensive  fault  in  the 
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neighborhood  of  Aix,  which  shows  to  the  southeast  a  greater  vertical 
dislocation  than  toward  the  northwest,  and  can  only  be  explained  by 
a  turning  movement. 

Fig.  2  shows  how,  in  thesimj)lest  case,  that  of  a  revolution  with- 
out vertical  descent  or  ascent  of  the  hanging-wall,  the  striations  in 
the  faulting-fissure  may  indicate  the  axis  of  the  revolution.  In  this 
figure,  AB  is  a  drift  run  in  the  faulting-fissure,  and  showing  stria- 
tions according  to  the  dotted  lines,  which  pitch  in  one  direction  at  Ay 
and  in  the  opposite  direction  at  B.  In  su(!h  a  case,  the  centre  of 
movement  would  be  found  at  the  intersection  of  perpendiculars  drawn 
through  the  line  of  striations.  Thus,  if  striations  were  exposed  at 
A,  B,  and  D,  the  intersection  of  the  perpendiculars  would  show  the 
centre  of  movement  to  be  at  C.  In  practice,  however,  it  is  likely 
that  the  several  perpendiculars  drawn  through  such  striations  would 
not  intersect  at  a  given  point ;  and  this  would  show  that,  besides  the 
turning  movement,  there  had  also  been  a  movement  of  translation  of 
the  whole  mass,  up,  down,  or  along  the  plane  of  the  fault.  The 
complication  of  these  two  movements  is,  however,  not  beyond  analy- 
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sis,  if  the  data  are  sufficiently  abundant  and  exact.  Even  with  the 
imperfect  data  usually  afforded  by  the  limited  exposures  in  mines,  it 
is  much  better  to  work  upon  a  perfect  than  upon  a  crude  and  partial 
system  ;  and  Professor  Hoefer  thinks  that  not  only  the  points  already 


mentioned,  but  also  the  question  of  direction  of  movement  (for  ex- 
ample, in  Fig.  2,  whether  from  B  to  A,  or  A  to  B),  can  in  many 
cases  be  satisfactorily  determined  by  the  plan  he  proposes. 

This  plan  may  be  illustrated  for  a  general  case  by  Fig.  3.     Let 
AB  represent  the  course  of  a  vein  dipping  32°  (as  shown  by  the  ar- 
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row),  which  has  been  explored  on  an  upper  level  to  where  it  is  cut 
oflp  by  a  eross-fissure,  having  the  strike  BK and  tiie  dip  of  40°  (as 
shown  by  the  arrow).  Let  it  be  assumed  that  upon  a  lower  level  the 
vein  had  been  opened,  with  the  strike  CD  and  the  dip  of  23°  ;  that 
on  this  level  a  fault  was  encountered  at  D,  having  the  same  strike 
and  dip  as  that  at  B.  By  a  simple  construction,  with  the  help  of 
the  triangle  abc,  in  which  the  angle  c  is  40°,  and  the  side  ab  is  the 
vertical  distance  A  between  the  two  levels,  we  find  the  point  c  and 
draw  the  line  cD,  which,  being  parallel  to  BK  and  also  coinciding 
with  the  strike  of  thefiiult  at  D,  proves  the  latter  to  be  identical  with 
the  fault  at  B  on  the  level  above.  We  now  determine  the  two  lines  of 
intersection  EF and  BG  made  by  the  fault,  with  the  two  portions  AB 
and  CD  of  the  faulted  vein.  This  can  be  done  most  easily  by  the 
aid  of  the  two  triangles,  def,  ghi,  in  which  the  base  h  is  taken  equal 
to  the  vertical  distance  between  the  two  levels,  and  the  angle  oppo- 
site h  is,  in  each  case,  the  angle  of  the  dip.  AB  and  CD  being  al- 
ready given,  the  corresponding  lines,  namely,  77/ on  the  level  of 
CD,  and  KL  on  the  level  of  ^i>,  are  to  be  found.  This  is  done  by 
drawing  HJ  parallel  to  AB  through  the  point/,  and  prolonging  hg 
parallel  to  CD.  The  course  of  the  fault  at  B  is  known  ;  hence  the 
line  BK  drawn  on  that  course  intersecting  the  line  KL  at  /vT deter- 
mines the  }ioint  A' for  that  level,  while  for  the  next  lower  level  the 
point  iJ  is  determined  by  producing  tlie  line  CD  parallel  with  BK ; 
in  like  manner,  the  lower  levels,  TU,  V\V,  MON,  PQ,  ES,  etc.,  can 
be  plotted.  It  is  evident  that,  by  drawing  lines  through  KD  and 
BII,  the  lines  of  intersection  EF  and  BG  are  obtained.  It  is  evi- 
dent also  that  on  the  fourth  level  31,  if  in  working  from  J/ the  fault 
is  encountered  at  0,  it  will  not  be  necessary  to  cross-cut,  as  in  the 
upper  levels,  to  find  the  continuation  of  the  vein  ;  since  at  that  point, 
which  is  the  centre  of  revolution,  the  vein  can  be  found  by  simply 
breaking  through  the  cross-fissure.  In  the  next  lower  level,  PQ, 
however,  if  the  fault  is  encountered  at  Q,  it  will  be  necessary  to  cross- 
cut for  the  continuation  of  the  vein  in  the  direction  QR,  a  direction 
opj)osite  to  that  which  would  be  necessary  at  U  or  D. 

It  will  be  seen  that  in  this  case  a  revolution  has  been  demonstrated 
without  the  help  of  the  indications  afforded  by  the  striations. 

]*rofessor  Hoefer  indicates  also  how  this  graphic  method  may  be 
ap))lied  to  lines  of  intersection  which  are  not  straight,  but  curved  ; 
and  to  the  still  more  complicated  case  of  a  varying  strike  at  diller- 
cnt  levels  in  the  faulting-fissure  itself;  that  is,  for  instance,  when 
BK,  IID,  VU,  and  QR  are  not  parallel.     He  says  in  substance: 
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"The  solution  of  the  problem  remains  in  principle  the  same  when  the  lines  of 
intersection  are  curves.  If,  for  instance,  we  had  plotted  a  fault  for  different  levels 
(not  too  far  apart  vertically),  and  had  found  the  facts  on  actual  exploration  to  dif- 
fer from  our  construction, — that  is,  the  lines  of  intersectiou,  imagined  as  drawn 
in  the  plane  of  the  fault  (such  as  BK,  DH,  etc.,  in  Fig.  3),  had  proved  in  practice 
to  be  longer  or  shorter  than  required  by  our  construction,  we  should  then  obtain  a 
number  of  elements  of  the  actual  curved  lines  of  intersection,  which  we  could  pro- 
long according  to  their  curvatui-e,  in  order  to  operate  further  with  them,  just  as  if 
they  were  straiglit. 

"To  take  an  example:  suppose  (Fig.  4)  that  tlie  fault  had  been  encountered  on 
level  /,  in  the  two  portions  of  the  vein,  at  A  and  B.  giving  at  these  points  the 
straight  lines  of  intersection  AD  and  BF;  but  that  on  level  //the  fault  was  found 


Fig.  4. 


at  G,  not  D,  and  the  continuation  at  H,  not  F.  Straight  lines  drawn  from  A  through 
G,  and  from  B  through  //,  thus  become  the  lines  of  intersection  for  the  construction 
of  the  fault  on  level  ///.  But  actual  developments  show  the  points  sought,  to  be  J 
K,  instead  of  L,  M;  and,  in  short,  we  become  able  to  pi-olong  the  curves  AG  J, 
BHK,  as  curves,  and  thus,  to  obtain  for  lower  levels,  in  advance  of  exploration, 
more  accurate  determinations." 

Professor  Hoefer  recommends  in  practice  the  general  method 
above  described,  on  the  ground  that  it  involves  no  generic  assump- 
tion or  hypothesis,  but  makes  the  work  of  the  surveyor  in  the  first 
place  purely  descriptive,  and  al.so  checks  by  graphic  construction  the 
errors  of  observations  due  to  irregularities  in  the  vein  and  fault.  He 
points  out  also  that  this  method  indicates  conclusions  as  to  the 
nature  of  the  movement  which  has  taken  place;  since,  if  the  two 
lines  of  intersection  are  parallel,  the  movement  must  have  been 
parallel ;  while  if  they  converge,  the  movement  must  have  involved 
a  revolution,  and  the  points  where  they  intersect  must  be  the  inter- 
section of  the  axis  of  revolution  with  the  plane  of  the  fault. 
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This  statement  of  Professor  Ploefer's  method  suggests  the  follow- 
ing observations : 

Evidently  the  graphic  method  shown  in  Fig.  3  will  not  indicate, 
in  ease  of  a  compound  movement,  involving  both  a  revolution  and 
a  slide,  either  the  existence,  the  direction,  or  the  amount  of  the  lat- 
ter. The  relative  position  of  the  two  parts  of  the  faulted  vein, 
shown  in  Fig.  3,  may  have  been  reached  by  a  simple  revolution 
around  an  axis  normal  to  the  fault  at  0,  or  by  a  revolution  around 
someother  axis  normal  to  the  fault,  coui)led  with  a  slide  along  the 
fault.  For  instance,  the  axis  of  the  revolution  may  have  been  at 
V,  and  the  slide  may  have  carried  it  apparently  to  0. 

Yet  this  is  precisely  the  case  which  may  be  expected  to  be  most 
frequently  encountered  in  practice.  Simi)le  revolutions  must  be 
rare,  if,  indeed,  they  ever  occur.  My  own  impression  on  this  point 
is  confirmed  by  the  reply,  of  Professor  Hoefer  to  an  inquiry  which  I 
addressed  to  him  after  perusing  his  paper.     He  says : 

"Circular  movements,  combined  with  movements  in  straight  lines,  are  very  fre- 
quent in  our  fauUs;  in  fact,  I  do  not  doubt  at  all  that  a  continued  careful  study  will 
show  tliem  to  be  the  rule.  Whether  simple  revolutions  often  occur,  is  very  difKcult 
to  decide,  from  the  observations  thus  far  available.  Yon  know  how  one-sided  and 
incomplete  the  inquiry  has  heretofore  been  in  this  direction.  In  the  southernmost 
district  of  Przibram,  the  Clementi  vein  shows  in  its  selvages  striations,  the  varying 
directions  of  which  indicate  a  circular  movement ;  and  my  studies  (unfortunately 
interrupted  by  my  departure)  led  me  in  this  case  to  the  belief  that  the  movement 
had  been  circular  only.     But  I  did  not  consider  the  question  definitely  settled." 

But,  to  return  to  the  illustration  of  Professor  Hoefer's  method 
given  in  Fig.  3,  it  is  evident  that  although  the  method,  applied,  as 
in  that  case,  to  a  fault  which  has  been  determined  in  two  places,  at 
different  levels,  will  not,  from  these  data  alone,  reveal  the  exact  com- 
ponents of  the  movement  which  has  taken  place,  it  will  nevertheless 
indicate  for  any  level  the  point  where  the  continuation  of  the  vein 
is  to  be  sought,  beyond  the  fault.  It  is,  however,  often  important 
to  find  the  continuation,  not  merely  of  the  vein,  but  also  of  an  ore- 
body  in  the  vein.  Thus,  in  Fig.  3,  the  miner  working  from  Cto  D, 
and  finding  the  vein  cut  off  by  the  fault,  might  know  that  by  drift- 
ing in  the  faulting-fissure  to  H,  on  the  same  level,  the  vein  would 
again  be  struck  ;  but  the  point  //w^ould  not  in  any  case  (except  that 
of  a  simple  and  perfectly  horizontal  movement)  be  the  point  originally 
adjacent  to  D,  before  the  faulting  took  place;  and  if  there  were  at 
D  a  valuable  ore-body,  the  question  would  still  remain,  in  what  di- 
rection from  H  the  continuation  of  this  ore-body  should  be  sought. 
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For  the  case  of  a  simple  revolution  around  0,  the  solution  of 
this  question  would  be  easy.  It  is  shown  in  Fig.  5,  which  I  have 
made  by  taking  part  of  Professor  Hoefer's  Fig.  '6,  and  adding  two 
auxiliary  triangles,  OLh  and  J^nA.  The  construction  is  as  follows : 
From  O,  draw  Ok  perpendicular  to  KL,  and  Oi,  making  the  angle 
LO^=23°.  Similarly  construct  from  any  point  iVon  OiV  the  tri- 
angle NnA,  making  the  angle  at  N^^  32°.  The  distances  cut  off  on 
the  hypothenuse  OL  by  the  lines  LK,  CD,  and  TU,  represent  the 
.heights  (inclined  measurement)  between  these  levels.  The  same  is 
true  of  the  sections  into  which  Nn  is  divided.  The  distance  of  Z) 
above  the  level  MO,  along  the  dip  of  the  vein,  is  Om ;  and  the 


point  adjacent  to  D,  before  the  dislocation,  must  lie  at  the  same  dis- 
tance above  ON,  Taking  Nt  ^=  Om,  diwd  drawing  Dp  through  t, 
parallel  with  HJ,  we  have  D^,  the  point  desired,  which  lies  the  dis- 
tance//'vertically,  or  fs,  inclined  measurement,  above  HJ. 

But  if  there  has  been  a  rectilinear  as  well  as  a  circular  relative 
movement  of  the  vein  masses  on  either  side  of  the  fault,  the  point 
JDi  will  not  be  the  point  formerly  adjacent  to  D.  The  continuation 
of  an  ore-body  cut  off  at  D  will  lie  at  a  distance  and  in  a  direction 
from  jDj  directly  dependent  upon  the  extent  and  direction  of  the  rec- 
tilinear movement.     (I  need  hardly  say  that  in  all  these  cases  it  is 
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of  no  consequence  whether  both  walls,  or  only  one  actually  moved. 
The  total  movement  may  be  assumed  to  have  affected  one  wall  only.) 

In  this  case,  the  study  of  the  striations  in  the  fanlting-fissnre 
may  give  valuable,  though  perhaps  rarely  exact,  indications  as  to  the 
direction  of  movement.  »If  the  rectilinear  movement  followed  the 
circular  one,  the  striations  may  furnish  a  clear  record  of  it  in  straight 
lines.  If  the  two  were  (as  is  more  probable)  simultaneous,  the 
striations  would  be  strictly  epicycloid  curves;  but  for  their  interpre- 
tation it  would  be  sufficiently  accurate  to  consider  them  as  fragments 
of  ellipses,  having  their  major  axes  inclined  in  the  direction  of  the 
rectilinear  movement.  These  indications  would  doubtless  be  in  most 
instances  of  practice  merely  general  guides  to  exploration.  But  after, 
by  such  exploration,  the  continuation  of  a  given  ore-body  (as  D, 
Fig.  3)  had  been  found,  it  is  plain  that  the  whole  movement  of  the 
faulted  vein  could  be  analyzed  and  plotted,  and  that  the  continuation 
of  any  other  ore-body  could  be  sought  with  confidence.  In  the  case 
before  us,  it  would  be  only  requisite  to  determine  the  relations  of 
the  point  actually  found  to  D^,  its  theoretical  position  on  the  hypoth- 
esis of  purely  circular  motion;  and  the  correction  thus  applied  to 
Dj  could  be  applied  to  any  other  point  similarly  determined. 

I  should  remark,  in  conclusion,  that  all  these  constructions  rest 
upon  the  assumption  that  the  (Jip  of  each  segment  of  the  faulted  vein 
is  constant.  That  is,  the  vein  is  treated  as  a  plane.  But  it  would 
not  be  ditlicult  to  include,  in  the  method  here  shown,  changes  of  dip 
and  strike,  as  these  might  be  discovered  in  actual  working;  and 
under  certain  circumstances,  a  change  of  dip  might  serve  as  a  useful 
landmark  in  surveying.  For  instance,  if,  in  Fig.  3,  there  were  a 
change  of  dip  in  the  left-hand  portion  of  the  vein,  at  the  level  CD, 
then  the  corresponding  change  of  dip  must  be  shown  on  the  line 
6r5,  at  the  point  formerly  adjacent  to  D  ;  and  the  discovery  of  this 
point  would  at  once,  as  has  been  already  shown,  permit  the  analysis 
of  the  movement  which  had  taken  place,  and  the  deduction  of  all 
its  resultant  relations. 
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The  special  conditions  under  which  gold  occurs  in  the  Potsdam 
formation  of  the  Black  Hills  present  features  worthy  of  a  more  sys- 
tematic presentation  than  they  have  heretofore  received.     The  notes 
voi>.  X.— 30 
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which  are  comprised  in  this  paper  relate  to  the  immediate  vicinity  of 
the  Ilomestake  vein,  where  are  found  the  only  deposits  of  the  char- 
acter referred  to  which  have  heretofore  attained  any  importance  as 
gold  producers.  At  this  point  the  oldest  visible  formation  comprises 
the  highly  metamorphic  palaeozoic  schist;*^  which  contain  the  gold- 
bearing  quartz  veins.  Resting  unconformably  upon  the  schists  is  a 
sedimentary  formation  composed  of  debris  derived  from  the  schists, 
and  containing  the  evidences  of  the  life  of  the  Potsdam  period.  The 
base  of  this  formation  is  generally  a  conglomerate,  which,  at  the 
Homestake  vein,  is  very  thin  or  absent  entirely.  Its  section  here  is 
that  of  a  wedge,  the  thin  edge  of  which  comes  nearly  to  the  Home- 
stake  vein. 

Early  in  the  history  of  the  Black  Hills  much  excitement  was 
caused  by  the  discovery  of  gold  in  j)aying  (piantities  in  the  lowest 
stratum  of  the  conglomerate  above  referred  to.  The  ore  was  readily 
obtained  l)y  a  system  of  horizontal  drifts,  and  many  hundred  thou- 
sand dollars  were  obtained  in  a  short  time.  Owing  to  the  peculiar 
character  of  the  ore  the  mines  were  known  as  cement  mines,  although 
the  material  was  a  true  conglomerate,  generally  hard,  and  needing 
the  stamp-mill  for  reduction.  The  larger  number  of  these  deposits 
were  found  upon  the  eastern  side  of  the  Homestake  vein,  and  within 
a  perpendicular  distance  of  about  a  mile.  Ouly  one  paying  deposit 
has  been  worked  u|)on  the  western  side.  At  present  the  larger  num- 
ber have  ceased  producing,  and  it  is  not  probable  that  they  will  ever 
attain  the  importance  that  they  have  had,  since  the  productive  terri- 
tory has  been  quite  extensively  prospected.  The  conglomerate,  in 
places,  j)artakes  of  the  character  of  a  breccia,  and  generally  gradually 
merges,  in  the  upper  strata,  into  sandstone,  or,  where  there  has  l)een 
local  metamorphic  action,  into  quartzife.  The  mass  of  the  conglom- 
erate is  a  mixture  of  quartz  boulders  and  pel)bles,  and  worn  frag- 
ments of  schist,  with  frequent  pebbles  of  hematite.  While  there  is  a 
slight  slope  away  from  the  Homestake  vein,  such  as  would  be  natural 
in  a  beach,  the  contact  of  sedimentary  and  schistose  formations  is 
essentially  a  plane  with  a  slightly  undulating  suiface,  due  to  the  un- 
equal durability  of  the  underlying  formation.  Gold  occurs  in  these 
sediments  in  two  distinct  conditions,  viz. : 

1.  Gold  as  a  mechanical  constituent. 

2.  Gold  as  a  chemical  constituent. 

Under  the  first  head  I  class  the  principal  portion  of  the  cement 
gold  which  has  been  mined,  while  under  the  second  head  I  wish  to 
speak,  in  the  latter  part  of  this  paper,  of  some  gold  ores  of  an  entirely 
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distinct  character,  wliicli  are  found  some  few  miles  distant  in  the 
same  formation.  I  am  aware  that  in  chissinjr  the  gohl  of  these  con- 
glomerates as  a  purely  mechanical  constituent,  I  am  doing  so  in 
oi)|)osition  to  a  theory,  recently  ui)held  by  an  elaborate  argument, 
which  endeavors  to  prove  that  placer  gold  is  a  product  of  h)eal  pre- 
cipitation or  crystallization. 

Cai-eful  observation  in  the  fiehl  and  a  consideration  of  the  facts, 
have,  however,  led  me  to  reject  this  theory  as  untenable  and  incom- 
petent to  explain  the  conditions  noted,  and  I  hope  in  this  i)aper  to 
present  evidence  which  shall  justify  this  conclusion.  The  horizontal 
character  of  the  sediments  and  the  fact  that  their  accompanying  life- 
forms  belonged  to  salt-water  types  lead  us  at  once  to  the  conclusion 
that  they  were  ocean  sediments  and  not  river  beds,  and  that  they 
were  formed  in  very  slid  low  water,  where  there  was  strong  wave 
action.  The  thinness  of  the  dcj)osits  near  the  Homestake  outcrop 
and  the  coarseness  of  the  material  indicate  that  they  were  beaches. 
The  absence  of  gravel  over  the  rpiartz  outcrop  shows  that  it  was 
either  insular,  or  perhaps  a  shallow  reef. 

We  know  that  this  absence  of  gravel  is  not  due  to  more  modern 
erosive  action,  because  the  eruptiohs  of  j^orphyry  occurring  in  later 
o-eological  times,  and  yet  before  the  modern  valleys  were  scoured  out, 
have  capped  over  the  vein  outcropping,  and  preserved  it  intact  in 
many  places. 

This  same  porphyry  has  also  overflowed  the  Potsdam  sediments, 
thus  giving  us  the  proof  that  they  were  originally  as  shallow  as  they 
now  are.  In  some  i)laces  we  have  at  least  a  hundred  feet  of  con- 
glomerate over  the  gold-bearing  material,  but  generally  much  less. 
In  order  to  show  that  the  Homestake  vein  was  large  enough  to  have 
supplied  gohl  for  all  these  deposits,  I  need  only  mention  that  its  out- 
crop, as  co^-ered  by  the  porphyry,  was  at  least  a  mile  in  length,  and 
from  one  to  two  hundred  feet  in  width,  of  solid,  gold-bearing  mate- 
rial. 

Much  of  the  conglomerate  has  been  cut  away  by  the  formation  of 
the  present  topographical  conditions,  and  we  can  only  construct  the 
original  contact  plane  by  noting  the  different  points  at  which  it  inter- 
sects what  are  now  hills. 

The  appended  sketch  is  an  api)roximate  section  taken  peri)endicu- 
lar  to  the  Ilomestake  vein  and  extending  eastward  to  the  limit  of  the 
gold-producing  territory;  in  all,  perhaps  a  mile  and  a  half  in  length. 
It  shows  how  small  a  portion,  comparatively,  of  the  old  sea-bottom 
remains.     From    it  we  see,  also,  that  the  site  of  Central  City  was 
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once  overlaid  bj  a  placer — probably  richer  than  the  mines  in  the 
hills  on  either  side,  which  have  yielded  so  much  gold.  The  contact 
plane  has  a  dip  of  about  ten  degrees  away  from  the  Homestake  vein. 
First  considering  the  gold  which  remained  in  the  matrix  of  gravel, 
we  will  afterward  endeavor  to  show  what  became  of  the  gold  again 
set  free  during  the  disintegration  of  the  conglomerate.     The  larger 
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portion  of  ''  cement  gold  "  (using  the  local  term  for  convenience)  has 
been  taken  from  the  ridge  shown  in  the  sketch  between  Dead  wood 
and  Black  Tail  gulches. 

Ore  mined  from  this  ground  is  said  to  have  milled  as  high  as  fifty 
dollars  per  ton,  and  the  stratum  lying  close  to  the  bed  rock  was  ex- 
ceedingly rich,  as  is  generally  the  case  where  the  ore  pays  at  all. 
Small  channels  and  depressions  caused  local  concentrations,  and  these 
channels  were  generally  followed  in  the  process  of  raining.  The 
ore  was  hard,  and  generally  required  blasting.  This  condition  was 
very  advantageous  in  studying  the  character  of  tlie  deposits,  since 
lar^e  blocks  could  be  taken  out  and  examined  in  detail.  If  the  term 
might  be  used  in  such  a  sense,  these  were  fossil  placers,  in  which  the 
most  minute  relations  were  carefully  preserved,  although  originally 
existing  in  a  very  unstable  material. 

Many  of  the  facts  here  noted  were  obtained  while  running  some 
hundreds  of  feet  of  drifts  through  one  of  these  ore-bodies. 

In  general  we  find  much  the  same  variations  of  quantity  as  are 
shown  in  the  ordinary  gravel  placer.  The  local  channels  referred  to 
show  the  same  alternations  of  rich  and  poor  material,  due  to  difFereut 
conditions  of  current,  and  the  universal  occurrence  of  the  greater 
part  of  the  gold  near  the  bed  rock.  In  general,  only  five  or  six  feet 
in  thickness  will  pay  for  mining  and  milling.  Our  method  of  assay- 
ing was  by  pounding  the  sample  in  a  mortar  and  washing  the  pulp 
in  a  pan.  The  gold  had  all  the  characteristics  of  placer  gold,  and 
was  generally  what  is  called  shot  gold,  or  smooth   rounded  grains, 
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slightly  flattened.  I  observed  one  nugget  of  nearly  three  penny- 
weights in  weight. 

Tiie  cementing  material  of  the  conglomerate  was  generally  oxide 
of  iron,  and  the  gold  which  had  lain  on  the  bed  rock  was  often 
attached  to  the  overlying  boulders  by  this  medium.  In  general, 
w^iere  conditions  had  been  such  as  to  aUow  the  subsidence  of  other 
materials  of  high  specific  gravity,  the  gold  was  most  abundant,  ordi- 
narily with  large  quartz  boulders  or  with  pebbles  of  hematite.  The 
latter  were  seldom  found  without  gold  being  attached  to  them,  the 
pebbles  themselves  having  a  smooth,  polished  surface.  In  general, 
the  position  of  the  gold  was  always  such  as  to  point  to  its  great  spe- 
cific gravity  as  the  locating  cause,  and  not  to  solution  or  precipitation. 
In  fact,  the  many  curious  positions  in  which  I  observed  the  gold 
were  such  that  no  satisfactory  explanation  could  be  found  except  the 
one  noted  above.  Upon  one  quartz  boulder,  which  had  lain  directly 
upon  the  schists,  I  found,  after  removing  the  decomposed  talc  from 
the  bottom,  that  grains  of  gold  of  almost  exactly  the  same  size  were 
arranged  in  ribbon-like  layers  in  such  quantity  that  half  an  ounce 
could  probably  have  been  covered  by  the  iiand.  Each  grain  of  gold 
is  generally  covered  with  a  thin  coating  of  oxide  of  iron,  which  needs 
a  blow  to  loosen  it. 

The  richest  ore  is  not  always  found  in  the  deepest  portion  of  the 
channel,  but  sometimes  upon  one  slope,  the  maximum  richness  being 
perhaps  half  way  up  the  slope  of  the  channel. 

Small  basins  or  enlargements  in  these  channels  are  sometimes 
found,  which  are  perhaps  one  hundred  feet  across,  in  which  the  gold 
has  been  deposited  in  larger  quantity.  These  have  the  appearance  of 
having  been  formed  by  whirlpool  action. 

The  fineness  of  this  gold  is  greater  than  that  of  .the  quartz  veins, 
as  is  generally  the  case  with  placer  gold.  This  is  a  perfectly  rational 
condition,  since  from  the  time  it  is  liberated  from  the  vein  the  gold 
is  subjected  to  the  action  of  various  chemical  agencies,  which  naturally 
act  more  energetically  upon  the  silver  than  the  gold  of  the  alloy.  In 
the  case  of  the  gold  in  question,  we  have  not  only  the  ordinary  con- 
ditions, but  the  added  ones  that  must  have  resulted  from  the  saline 
waters,  and  the  solutions  of  iron  which  produced  the  large  amounts 
of  oxide  of  iron  noted.  In  one  case  the  latter  amounts  to  a  bed  sev- 
eral feet  in  thickness,  lying  over  the  gold  cement.  Combined  with 
these  chemical  agencies  was  the  iieat  produced  in  later  times  by  the 
porphyritic  intrusions  and  overflows. 

Having  exposed  one  of  these  dikes  which,  for  several  hundred  feet, 
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cut  through  cement,  I  was  surprised  to  find  that  gohl  was  seldom 
present  in  close  proximity  to  the  porphyry,  although  the  conditions 
of  bed  rock  were  favorable.  This  indicated  that  there  had  been  a 
powerful  solvent  of  gold  present.  This  was  further  shown  by  coarse 
pieces  of  gold,  which,  though  similar  in  sha])e  to  others,  had  ex- 
changed the  smooth,  worn  surface  for  the  corrugated  surface  known 
as  oxidized,  and  produced  by  subjecting  the  metals  to  the  action  of  a 
solvent.  These  pieces,  however,  showed  none  of  the  ramificationsor 
planes  ordiuMrily  seen  in  crystallized  metals. 

Since  the  solution  of  silver  must  have  been  confined,  to  a  certain 
extent,  to  the  surface,  I  made  some  tests  to  determine  whether  small, 
thin  pieces  of  gold  which  had  proportionally  the  greater  surface,  did 
not  contain  less  silver  than  the  coarser  particles. 

The  following  assays  were  obtained  : 

I.  II.  III.  IV. 

Coarse  gold.  Coarse  gold.  Fine  gold.  Gold  bullion. 

Gold, 902  .893  .917  .915 

Silver, 098  .107  .083  .085 

The  bullion  was  produced  from  the  same  mine  as  the  other  speci- 
mens, and  is  reduced  to  the  pure  alloy  for  comparison. 

While  it  is  to  be  regretted  that  more  specimens  were  not  a.si^ayed, 
the  theoretical  result  is  obtained  as  indicated,  the  bullion  being  a 
mean  between  the  two  extremes,  as  is  likewise  natural.  Under  the 
given  conditions  we  should  expect  that  the  gold  could  not,  by  any 
possibility,  have  retained  its  original  content  of  silver,  and  in  this 
connection  it  will  be  interesting  to  compare  the  relative  proportions 
of  gold  and  silver  in  the  bullion  produced  from  the  different  portions 
of  the  Homestake  vein. 

The  figures  were  given  me  by  my  friend  jNIr.  George  II.  Hewitt, 
whose  emj)loyment  in  the  metallurgical  department  of  these  mines 
for  several  years  is  a  sufficient  guarantee  of  their  accuracy. 

They  commence  at  the  Homestake  end  of  the  vein,  giving  the 
bullion  assays  of  the  various  mines  upon  the  vein  in  regular  order. 

Homestake.    Highland.    Terror.    Deadwood.    De  Smet. 

Gold, 820  .830  .825  .850  .820 

Silver,         .         .        .     .170  .155  .160  .140  .170 

It  will  be  seen  at  a  glance  that  the  proportion  of  silver  is  much 
greater  than  in  any  of  the  placer  specimens  examined.  To  make  the 
proof  of  the  above  proposition  conclusive,  it  should  be  shown  that 
the  surface  of  the  gold  contains  less  silver  than  the  interior,  at  least 
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in  the  larger  grains.  T  endeavored  to  determine  this  point,  but  failed 
to  ol)tain  any  result  owing  to  hxck  of  (inie.  As  to  the  size  of  tlie 
gold  particles,  I  have  seen  larger  pieces  in  the  Hotnestake  quartz 
than  any  that  I  have  known  to  come  from  the  cement. 

While  the  tacts  thus  far  seem  to  be  in  accord  with  the  position 
taken,  we  have  another  source  of  proof,  in  that  we  find  in  these  same 
conglomerates,  gold  which  has  undoubtedly  been  precipitated  from 
solution  in  situ.  I  have  several  times  split  open  pieces  of  decom- 
posed talcose  schist,  and  found  in  the  cleavage  plane  a  continuous 
thin  film  of  gold.  These  schists,  owing  to  their  porous  nature,  would 
easily  have  yielded  up  this  gold  to  a  solvent,  and  they  were  not  of 
the  character  which  generally  contain  gold  in  the  veins.  Moreover 
the  schist  underlying  one  of  these  deposits  has  been  found  to  carry 
sufficient  gold  to  pay  for  milling,  although  after  a  depth  of  10  feet 
has  been  obtained,  it  seems  to  give  out.  Specimens  from  this  locality 
show  the  gold  in  thin  flakes,  seldom  coarse;  and  pan  tests  show  the 
gold  to  be  fine  like  dust.  On  the  other  hand,  where  the  slate  has 
been  very  soft,  cement  gold  will  be  found  to  have  worked  down  into 
the  crevi(^es  for  several  feet.  It  can  be  washed  out  in  a  pan  from  the 
fragments  without  crushing,  and  then  appears  like  smooth  brown 
gravel,  so  continuous  is  the  coating  of  red  oxide  of  iron.  In  addi- 
tion we  have  gold  undoubtedly  precipitated  in  the  quartzites  of  the 
series  at  a  period  much  more  recent,  and  this  gold  presents  none  of 
the  characteristics  of  the  cement  gold.  The  indications  derived  from 
these  facts  seem  to  be  that  when  gold  dissolved  is  precipitated  again 
it  does  not  ordinarily  take  the  form  of  grains.  We  have  seen  that 
this  cement  gold  remained  undisturbed  through  a  long  geological 
period,  and  that  it  was  only  set  free  by  the  erosive  agencies  which 
united  to  form  the  present  topographical  conditions.  We  can  then  re- 
gard the  Potsdam  seiliment  as  a  storehouse  of  the  gold  that  it  re(;eived, 
finally  yielding  up  the  larger  proportion  to  the  mining  agencies  of 
nature,  and  retaining^  the  rest  until  the  present  time.  The  question 
conseipiently  arises — what  became  of  the  gold  a  second  time  set  free? 
The  answer  most  natural  points  to  the  great  Deadwood  Gulch  placer 
as  the  second  resting-j)lace  of  this  gold.  Once  concentrated  by  the 
waves  of  tlie  sea,  it  was  a  second  time  concentrated  by  the  action  of 
running  water.  The  upper  end  of  the  Deadwood  Gulch  placer  oc- 
cu|)ied  the  space  directly  under  the  old  gravel  sheet,  whicrh  I  have 
indicated  as  stretching  continuously  across  from  the  vicinity  of  the 
Homestake  vein.  While  from  its  location  it  would  naturally  have 
received  the  gold  set  free  from  the  conglomerate  al)ove,  there  is  also 
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positive  evidence  that  it  did  receive  and  preserve  it.  An  old  placer 
miner  told  me  that  much  of  the  gold  from  the  upper  end  of  the  gulch 
had  the  shell  of  oxide  of  iron  similar  to  the  cement  gold,  but  that 
this  became  less  frequent  as  the  gulch  was  followed  down.  While 
it  is  possible  and  probable  that  this  placer  received  gold  in  later 
times  direct  from  the  Homestake  vein,  theBlocktail  placer  in  the  next 
gulch  beyond  is  entirely  cut  off  from  that  source  by  the  deep  Dead- 
wood  Gulch,  and  could  not  hav^e  received  gold  either  in  solution  or 
mechanically  after  Deadwood  Gulch  was  once  commenced.  But  it 
certainly  was  once  overlaid  by  the  Potsdam  placer,  since  rich  cements 
have  been  found  outcropping  upon  either  side,  and  in  all  probability 
all  of  its  placer  gold  came  across  by  means  of  wave  action  and  ocean 
currents,  while  the  underlying  rock  was  as  yet  unbroken  by  trans- 
verse valleys.  We  have  seen  that  the  Homestake  outcrop  was  pro- 
tected by  a  coping  of  porphyry  after  it  had  been  washed  by  the 
Potsdam  seas.  At  three  points  this  has  been  cut  away  by  erosion, 
forming  gulches  which  cross  the  axis  of  the  vein.  One  of  these  is 
nearly  central,  and  the  others  are  at  either  end  of  the  outcrop.  The 
amount  of  vein  matter  removed  by  this  more  recent  erosion  is  meas- 
ured by  the  vacant  space  below  the  porphyry  line,  with  some  allow- 
ances for  undulating  surface.  These  lateral  gulches  have  also  pro- 
duced much  placer  gold,  and  have  received  the  debris  from  some  dis- 
integrated cement  deposits.  Considering  the  richness  of  the  Dead- 
wood  placers,  it  seems  extremely  likely  that  they  have  yielded  much 
more  gold  than  would  have  been  produced  from  the  concentrations 
of  the  more  recently  disintegrated  vein  matter.  Cement  gold  ore, 
such  as  I  have  described,  is  remarkably  well  adapted  for  stamp-mill 
treatment.  The  gold  amalgamates  readily,  and  yields  an  amalgam 
which  retorts  from  fifty  to  sixty  per  cent,  of  bullion,  or  nearly  twice 
the  usual  amount.  I  have  saved  in  an  ordinary  mill,  not  by  any 
means  satisfactorily  arranged,  from  89  to  93  per  cent,  of  the  gold 
content,  as  shown  by  a  comparison  of  a  tailings, sample  taken  every 
few  hours,  with  the  total  bullion  return.  In  connection  with  a  recent 
experiment  in  which  hammered  gold  showed  a  repulsion  to  mercury, 
it  has  been  remarked  that  the  stamp-mill  may  make  a  loss  of  gold 
through  this  cause.  In  cleaning  up  the  mortars  after  milling  cement 
ore  I  have  obtained  hundreds  of  flattened  grains  of  gold,  but  have 
never  seen  one  that  was  not  amalgamated  upon  the  surfaces  flattened 
by  the  action  of  the  stamps. 

If  we  now  endeavor  to  group  together  the  facts  noted  above,  it 
does  not  seem  a  difiicult  undertaking  to  form  a  history  which  shall 
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give  a  rational  account  of  the  successive  geological  changes  which 
took  place.  First  we  have  the  proof  that  the  gold  veins  and  the 
contained  gold  were  in  existence,  in  much  their  present  condition, 
prior  to  the  Potsdam  period.  Then  we  have  the  Potsdam  seas  wash- 
ing away  the  debris  resulting  from  the  disintegration  of  the  quartz 
veins,  and  depositing  it  in  deeper  water,  in  accordance  with  its  vari- 
ous specific  gravities.  At  the  same  time  the  gradual  wave  action 
carried  the  gold  to  the  bed  rock  in  the  same  manner  as  it  is  settled 
in  a  miner's  pan.  The  Plomestake  vein,  by  reason  of  its  greater 
durability,  formed  a  reef  or  low  island,  which  never  became  deeply 
submerged.  After  a  time  these  sediments  became  insular,  and  as 
such  remained  undisturbed,  gradually  becoming  cemented  into  rock, 
until  the  recent  eruptions  of  porphyry  took  place,  causing  intense 
local  metamorphic  action.  The  gold,  which  up  to  this  time  had  suf- 
fered perhaps  a  loss  in  silver  only,  now  became  itself  partially  dis- 
solved where  the  solvents  were  sufficiently  powerful,  and  was  again, 
at  least  partially,  precipitated  as  thin  fihns  in  the  schists  belf>w. 

Once  more  a  period  of  rest  occupied  the  time,  until  the  erosive 
action  of  fresh-water  streams  cut  through  the  upper  strata  and  began 
to  disintegrate  the  matrix  of  the  gold,  and  afforded  material  for  a 
new  concentrating  process.  Disintegration  and  concentration  have 
been  going  on  until  now,  when  the  hand  of  man  has  hastened  the 
work  of  nature. 

This  gold  from  the  conglomerate,  which  found  its  way  down  the 
slopes  to  the  gradually  lowering  bottom  of  Deadwood  Gulch,  was 
joined  with  new  supi)lies  brought  from  the  Homestake  vein  through 
lateral  gulches,  and  the  result  was  the  great  Deadwood  })lacer.  That 
in  Blocktail  Guk-h,  however,  received  no  new  accession,  and  remained 
a  placer  which  had  received  its  gold  entirely  from  the  Potsdam  sedi- 
ment. 

The  gold  that  I  have^  described  as  being  precipitated  with  the 
cement  gold  does  not  occur  in  sufficient  quantity  to  be  of  importance  ; 
but  several  miles  distant  gold  occurs  in  the  same  formation  in  con- 
siderable quantity,  and  with  such  characteristics  as  to  justify  its  being 
classed  as  a  (;hcmical  constituent. 

This  locality  is  known  as  JJald  Mountain,  and  comprises  an  ele- 
vated area  of  several  square  miles,  through  which  (piite  an  extensive 
mineralization  has  taken  |)lace.  The  same  gcoh)gi('al  features  are 
here  met  with  that  I  have  already  described ;  a  base  of  schists,  upon 
which  are  ty|)ical  (piartzites,  from  which  the  sedimentary  chaiacter 
has    been  almost   obliterated   by    metamorphic   action.     These   are 
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penetratod  in  every  direction  by  porj)liyritin  dikes,  the  overflow  of 
whicli  has,  in  places,  formed  high  peaks.  There  is  generally  a  small 
stratum  of  conglomerate  next  to  the  schist,  bnt  the  sediments  were 
generally  quite  fine.  Through  the  area  mentioned  ores  of  gold  and. 
silver  are  quite  common,  although  I  do  not  know  that  their  treatment 
has  as  yet  proved  to  be  a  financial  success.  The  ores  seem  to  be  im- 
pregnations, and  not  confined  to  veins  with  well-defined  walls.  In 
fact,  true  vein  quartz  is  rare,  and  1  am  not  sure  that  I  have  seen  any, 
although  some  of  thequartzlte  would  be  taken  for  quartz  if  examined 
without  a  knowledge  of  its  occurrence.  The  silver  occurs  as  chlo- 
ride, more  rarely  native,  and  is  confined  to  the  small  fissures  through 
the  rock.  Coi)per  stain  is  also  common.  Gold  occurs  native,  but  in 
so  fine  a  state  as  to  be  seldom  visible.  I  have  noticed  it  as  a  brown 
sponge  in  cavities  in  the  quartzite,  and  with  no  metallic  appearance 
until  compressed  with  a  knife,  when  it  immediately  assumed  the 
lustre  and  color  of  gold.  These  cavities  are  very  common  in  the 
quartzite,  and  are  generally  lined  with  small  quartz  crystals. 

The  ratio  of  gold  to  silver  is  variable,  and  ranges  from  a  small 
percentage  of  the  total  value  to  half.  Continuous  bodies  of  rich  ore 
seem  to  be  rare,  although  specimens  giving  high  assays  can  easily  be 
obtained.  From  its  appearance  the  sponge  gold  described  should  be 
nearly  pure,  but  I  have  never  been  able  to  test  it.  At  the  time  of 
my  observations,  which  was  several  years  ago,  the  developments 
through  this  region  were  very  limited,  and  I  was  unable  to  form  con- 
clusive opinions  regarding  the  character  of  these  deposits.  Certain 
facts  seemed  to  be  pointed  out:  First,  that  the  metallic  constituents 
seemed  to  be  segregated  along  certain  horizontal  strata,  through  which 
there  seemed  to  have  been  less  resistance  to  the  passage  of  the  mineral 
solutions;  secondly,  that  in  these  planes  there  is  a  concentration  along 
certain  vertical  ])lanes,  which  planes  are  the  contacts  of  the  quartzite 
with  porphyry  dikes.  Almost  all  of  the  ojjenings  showing  ore  con- 
form in  a  degree  to  these  two  conditions.  I  have  sampled  portions 
of  decomposed  porphyry  which  were  very  rich  in  silver,  and  gold  or 
silver  seemed  to  be  found  in  almost  every  opening  made  along  a  cer- 
tain plane  within  certain  limits.  I  have  also  examined  these  dikes 
below  the  contact  of  the  quartzite  and  schist,  and  found  them,  to  a 
certain  extent,  lines  of  mineral  segregation.  It  therefore  seems  doubt- 
ful whether  the  metals  came  from  below,  or  were  derived  by  segre- 
gation from  the  sediments  themselves.  I  am  inclined  to  think  that 
both  causes  were  in  o]>eration.  In  one  place  we  found  that  the  lower 
sedimentary  stratum  was  highly  charged  with  oxide  of  iron,  and  that 
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a  sample  gave  over  twenty  dollars  in  gold  per  ton,  althongli  it  was  so 
fine  that  no  gold  could  be  obtained  in  the  pan,  an  almost  universal 
characteristic  of  these  ores,  and  one  which  l)ars  the  use  of  the  simple 
stamp-mill  without  amalgamating  pans  for  .reduction. 

In  other  portions  of  the  Hills  argentiferous  lead  ores  have  been 
mined  successfully  from  tiiese  quartzites,  and  present  interesting  fea- 
tui'es  which  do  not  properly  come  within  the  scope  of  this  ])aper. 
The  mineralizations  of  this  character  are  probably  of  the  age  of  the 
porphyry  eruptions,  arid  from  a  scientific  standpoint  are  exceedingly 
interesting.  The  subject  is  one  needing  much  more  attention  than  I 
have  been  able  to  give;  and  as  a  reason  for  the  lack  of  information 
upon  many  points  treated  of  in  this  paper,  I  can  only  say  that  the 
facts  I  have  f)resented  were  not  obtained  in  the  course  of  a  systematic 
investigation,  but  incidentally  while  engaged  in  constant  i)rofessional 
work. 


SOME  PECULIARITIES  IK  THE  OCCVRBENCE  OF  GOLD 
IN  JSOBTH  CAROLINA. 

BY  PROF.  W.  C.  KEI?R,  STATE  GEOLOGIST,  RALEIGH,  N.  C. 

The  distribution  of  gold  is  obviously  much  wider  than  is  com- 
monly su])posed.  Besides  the  usual  matrices,  vehicles,  or  associates, 
such  as  quartz,  pyrite,  chalcopyrite,  etc.,  I  find  it  occurring  in  quite 
a  range  of  common  rocks.  For  example,  at  the  Rhodes  mine,  in 
Gaston  County,  a  body  of  9  to  12  feet  of  decomposed,  light-gray 
gneiss  was  worked  together  with  the  strings  of  quartz,  and  yielded 
from  six  to  ten  dollars  to  the  ton. 

A  mine  in  Moore  County  yields  its  gold  mainly  from  a  feldspathic 
schist. 

In  the  famous  King's  Afountain  mine,  in  Gaston  County,  the  gold 
is  obtained  not  only  from  the  seams  of  quartz  in  a  blue,  hydromica- 
ceous  schist,  but  a  60-foot  ledge  of  grayish-blue,  fine-grained,  schis- 
tose limestone  is  quarried  out  bodily  and  sent  to  the  stamps.  It  is 
gold-bearing  throughout. 

In  Montgomery  County  the  singular  concretionary,  conglomeritic, 
quartzite  scjiist,  which  contains  Emmons's  ^>a/a'o/roe/r/.s,  is  g()ld-l)ear- 
ing  over  wide  tracts  of  country.  This  fact  was  noticed  by  Dr.  Em- 
mons. But  a  still  more  stiiking  and  significant  fact  is,  that  a  large 
part  of  the  gold  of  Montgomery,  Davidson,  and  Randolph  counties,. 
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on  the  waters  of  the  Yadkin  and  Uharie  rivers,  is  contained  in  ledges 
of  thin-bedded  quartz  slates,  often  pyrophyllitic  or  feldspathic,  and 
frequently  scaly  and  micaceous. 

Tiie  range  of  noted  mines  extending  twenty  miles  northward  from 
near  the  mouth  of  the  Uharie  River,  including  the  Russell,  Beck, 
Laughlin,  Jones,  and  others,  come  under  the  description  just  given. 
These  slates,  shales,  or  schists,  stand  almost  vertical,  and  are  gener- 
ally decomposed  to  a  considerable  depth,  20,  40,  or  50  feet,  and  are 
excavated  en  masse,  generally  with  pick  and  shovel,  sometimes  through 
a  cross-section  of  several  hundred  feet  in  length,  and  the  whole  mass 
i:;  carried  through  the  stamp-mill  and  rocker. 

The  accompanying  diagram  represents  the  last-named  mine  in 
cross-section.     It  is  simply  an  open  cut  in  the  side  of  a  hill,  50  to  70 


feet  high,  formed  by  a  ravine  which  has  cut  across  the  strike  of  the 
formation.  The  workable  strata,  between  a  and  a,  differ  imper- 
ceptibly from  the  bounding  rocks,  and  they  pass  insensibly  into  each 
other,  the  outside  strata  becoming  gradually  more  heavily  bedded, 
hard,  and  quartzose.  Within  the  worked  area  there  are  lean  strata, 
that  are  harder  and  thicker,  and  more  quartzose  or  chloritic,  as  at  6, 
b,  b.  At  d  a  portion  of  the  strata  is  charged  with  a  tine-grained 
pyrite,  that  sometimes  constitutes  a  large  percentage  of  the  rock  for 
2  or  3  feet  in  thickness.  At  c,  c,  c,  portions  of  the  strata  are  crusted 
with  ferruginous  scales  and  liraonite,  resulting  from  the  decomposi- 
tion of  pyritous  masses  of  slate.  This  mine  may  be  taken  as  a  type 
of  an  extensive  zone  of  mines,  that  extends  even  beyond  the  Yadkin 
and  into  South  Carolina,  including  the  well-known  Brewer  mine. 

Within  a  few  months  past  I  have  found  that  the  gray,  much- 
jointed  quartzites  and  felsites  of  the  Huvonian  hills  on  the  eastern 
side  of  the  great  slate  belt,  carry  a  workable  percentage  of  gold 
through  masses  of  great  extent. 

Gold  has  also  been  found  by  Mr.  Hanna,  of  the  Charlotte  mint, 
in  a  trap-dike  that  is  to  be  seen  in  that  vicinity. 

From  the  facts  here  given,  it  would  seem  that  gold  is  so  widely 
diffused  that  we  may  expect  to  find  it  in  any  kind  of  rock. 
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THE  CBYSTALLINE  ROCKS  OF  VIRGINIA  C03IPARED 
WITH  THOSE  OF  NEW  ENGLAND. 

BY   PROF.    C.    II.    niTCIICOCK,    STATE  GEOLOGIST,    HANOVER,    N.    n. 

A  BRIEF  residence  in  Virginia  has  enabled  me  to  examine  some  of 
its  crystalline  strata,  and  a  few  hints,  concerning  their  correspond- 
ence with  similar  rocks  elsewhere,  may  be  of  service  to  those  who 
are  studying  them. 

In  comparing  the  crystalline  rocks  of  Virginia  and  New  England, 
we  may  first  recall  the  similarity  of  their  geographical  position.  They 
constitute  a  continuous  belt,  being  traceable  through  the  Highlands 
of  New  York  and  New  Jersey,  Southeastern  Pennsylvania,  in  the 
counties  of  Bucks,  Montgomery,  Philadelphia,  Delaware,  and  Ches- 
ter, and  Maryland.  Thus  the  Green  Mountains  of  Vermont  and 
the  White  Mountains  of  New  Hampshire  seem  to  be  topograpliically 
continuous  with  the  Blue  Ridge  and  Midland  districts  of  Virginia. 
This  tract  of  country  has  been  termed  the  Atlantic  area  in  distinction 
from  the  Appalachian  territory,  whose  eastern  limit  is  the  great 
Lower  Sihirian  limestone  valley  extending  from  the  St.  Lawrence  and 
Champlain  valleys  to  Alabama.  The  Appalachian  formations  were 
studied  by  the  brothers  Rogers,  forty  years  since,  and  found  to  rest 
unconformably  upon  the  western  flank  of  the  Blue  Ridge,  the  oldest 
of  tlie  series  adjoining  the  gneisses,  followed  westerly  by  the  other 
PaUeozoic  members  in  a  regular  ascending  order,  to  which  numerical 
designations  were  applied — Number  1  being  the  Cambrian,  Number 
2  the  Lower  Silurian  limestones,  etc.  In  Vermont  the  same  con- 
clusion was  presented  in  the  State  reports:  the  Green  Mountains 
were  said  to  possess  the  anticlinal  structure,  and  to  underlie  the 
quartzites  and  limestones.  Inasmuch  as  this  Atlantic  area  is  topo- 
graphically continuous  from  the  Middle  to  the  Northern  States,  and 
is  unconformably  overlaid  upon  the  west  side  by  the  same  succession 
of  strata,  the  presumption  is  very  strong  that  the  history  of  both 
sections  has  been  the  same,  and  that  the  entire  area  is  of  Eozoic 
age. 

Cross  sections,  in  both  districts,  illustrate  the  existence  of  gigantic 
overturns,  causing  the  strata  of  the  Appalachian  region  to  dip 
towards  the  Atlantic  gneisses.  To  the  beginner  it  would  apj)ear 
that  the  Silurian  groups  must  dip  beneath  the  crystallines,  and 
iience  many  of  the  geologists  in  the  beginning  of  the  study  of  the 
stratigraphy  of  this  eastern   border  of  the  continent  believed  that 
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the  Atlantic  gneisses  were  newer  than  Eozoic.  Only  those  who  have 
worked  in  this  crystalline  region  can  appreciate  the  magnitude  of  the 
obstacles  presented  by  the  well-nigh  universal  prevalence  of  errone- 
ous views.  For  thirty  years  an  exaggeration  of  the  metaniorj)hic 
theory  spread  like  a  blight  over  the  study  of  the  older  rocks.  We 
now  understand,  both  in  Vermont  and  Virginia,  that  the  Potsdam 
quartzites  are  newer  than  the  crystalline  gneisses  to  the  east  of  them, 
both  because  the  fragments  of  the  former  have  been  derived  from 
the  disintegration  of  the  latter,  and  because  the  discordances  of  strat- 
ification, exhil)ited  at  Sunderland,  Vermont,  and  Balcony  Falls,  in 
Virginia,  cannot  be  otherwise  explained.  Though  long  an  oppo- 
nent of  this  view.  Professor  Dana  now  accepts  the  doctrine  of  the 
greater  antiquity  of  the  Green  Mountain  gneisses,  when  compared 
with  the  Potsdam  quartzites  on  their  western  flank. 

While  the  sequence  of  the  Palaeozoic  column  has  been  satisfactorily 
worked  out  in  Virginia,  little  attention  has  been  paid  to  the  oi'der 
of  the  crystalline  series.  First  of  all,  it  became  clear  that  Logan's 
suggestion  of  the  separation  of  the  Eozoic  into  Laurentian  and  Hu- 
ronian  was  applicable  to  the  east.  This  was  a<lmitted  by  H.  D. 
Rogers  in  1858,  using  the  terms  Hypozoic  and  Azoic,  instead  of 
the  geographical  terminology.  We  can  nowsubilivide  these  groups 
still  further.  The  proposeil  institution  of  a  Labrador  or  JSorian  sys- 
tem fails,  because  the  rocks,  thus  distinguished,  are  of  eruptive  origin. 
In  New  Hampshire  we  find  at  least  four  well-marked  subdivisions 
of  the  older  series  ;  (1),  porphyritic  gneiss,  (2)  protogene  or  "  Bethle- 
hem "  gneiss,  (3),  ordinary  or  Lake  Winnipiseogee  gneiss,  and  (4), 
the  Montalban.  In  the  absence  of  detailed  studies  of  the  ty|)ical 
Laurentian  areas  it  is  impossible  to  know  whether  similar  divisions 
can  be  recognized  in  them.  From  imperfect  data  we  have  concluded 
that  the  oldest,  and  possibly  the  first  three,  of  the  New  England 
groups  represent  the  Laurentian  of  New  York  and  Canada.  The 
Montalban  is  more  evidently  an  independent  system. 

The  Green  Mountain  gneisses  are  related  to  the  second  and  third 
of  the  New  Hampshire  series.  They  are  repeated  by  folds  in  South- 
ern Vermont,  and  overlie  the  porphyritic  gneisses  along  the  western 
border  of  New  Hampshire,  in  the  Connecticut  Valley — the  older 
system  lying  east  of  the  newer  one.  The  same  order  is  perceived 
along  the  James  River  Valley,  in  Virginia.  At  Balcony  Falls  and 
further  east,  the  gneisses  are  like  those  of  the  Green  Mountains. 
Where  the  Tobacco  Row  range  has  been  cut  through,  the  porphy- 
ritic gneisses  shovv  themselves,  though  not  abundantly.     Between 
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tliese  ridges  an  argillitic  schist  shows  itself,  which  Professor  Camp- 
bell regards  as  a  ])art  of  the  Laiirentian.  As  this  kind  of  rock  has 
not  usually  shown  itself  so  early,  I  would  raise  the  question  whether 
it  will  not  be  found  to  lie  in  a  synclinal  trough — possibly  inverted — 
upon  the  gneisses,  and  to  be  of  Huronian  or  Cambrian  age. 

This  j)orphyritic  rock  is  not  seen  in  the  next  section  of  the  Blue 
Ridge,  along  the  Norfolk  and  Western  Railroad,  to  the  southwest 
of  Lynchburg.  Near  the  dividing  ridge  the  Peaks  of  Otter  show 
themselves  conspicuously.  These  so  closely  resemble  some  of  the 
New  England  eruptive  granitecones  as  to  suggest  a  like^conipoyitiou 
and  origin,  (^uite  near  them  on  the  railroad  I  observed  a  coarse 
syenite,  which  may  possibly  be  connected  with  their  mass. 

The  Huronian  seems  to  occur  in  long  narrow  strips,  inclosed  by 
the  gneisses,  and  possessing  a  complex  synclinal  structure.  Where 
the  strata  are  monoclinal  they  should  be  rcirarded  as  an  overturn 
synclinal.  Ty])ical  schists  of  this  system,  with  the  included  minerals, 
are  repeatedly  (les(!ril)ed  in  Rogers's  re|)orts.  At  first  it  was  thought 
that  only  the  "  talcose,'"'  or  soft  greenish  hydro-mica  schist  with  the 
steatite  and  serpentine  should  be  referred  to  this  system.  But  later 
studies  and  comj)arisons  make  it  necessary  to  add  great  developments 
of  argillitic  qnartzites  and  mica  schist,  as  well  as  diabases  and  j)rt)to- 
genes,  to  the  softer  schists  both  in  New  England  and  Virginia.  This 
stej)  will  relieve  the  otherwise  excessive  relli'rence  to  the  Cambrian 
of  manv  unfossiliferous  terranes.  In  New  Eni!:land  the  softer  schists 
are  rarely  found  east  of  the  Connecticut-Merrimack  water  shed,  A 
similar  area  is  that  which  is  crossed  by  the  Virginia  Midland  Rail- 
road east  of  Manassas,  and  to  the  southwest  of  Charlottesville.  The 
same  or  similar  rocks  are  traversed  along  the  Norfolk  and  Western 
Railroad,  between  Lynchburg  and  Thaxton's  Station.  It  is  also 
largely  developed  east  of  Lynchburg,  along  the  Richmond  and  Alle- 
gheny Railroad. 

Another  rock,  more  suggestive  of  Huronian  than  any  other  Eozoic 
or  Pala3ozoic  affinities,  occupies  the  south  part  of  Montgomery 
County  in  the  gold-region  of  Brush  Creek,  skirting  Pilot  Mountain — 
the  western  fork  of  the  Blue  Ridge,  The  rocks  are  coarse  proto- 
genes,  cut  by  large  auriferous  quartz  veins.  It  is  certainly  three  or 
four  miles  wide,  with  a  less  dip  to  the  east  than  the  Cambrian  quartz- 
ite  of  Pilot  Mountain.  My  explorations  did  not  extend  far  enough 
to  the  east  to  exj)lore  the  gneissic  rocks  of  the  {)Iateau,  which  are, 
probably,  Montalban,  and  connected  with  the  lofty  Black  Moun- 
tains of  Western  North  Carolina, 
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Between  Pilot  Mountain  and  Christiansburgh  a  great  thickness 
of  slates  and  sparry  limestones  is  exposed,  which  correspond  very 
closely  to  the  Taconic  system  of  Emmons,  as  develoijed  in  Eastern 
New  York  and  Western  Vermont.  They  were  referred  to  formation 
No.  1  by  W.  B.  Rogers. 

It  would  seem  probable  that  the  broad  Huronian  belt  between 
Washington  and  Harper's  Perry,  on  the  Potomac,  which  continues 
southwesterly  past  the  James  River,  according  to  Professor  Fon- 
taine, will  still  be  found  to  occupy  the  ground  all  the  way  to  North 
Carolina.  As  the  Blue  Ridge  divides  near  Roanoke,  and  the 
branches  extend  through  North  Carolina  into  Georgia,  it  will  be  in- 
teresting to  know  whether  the  Huronian  accompanies  the  Cambrian 
slates  and  quartzites.  Inasmuch  as  copper  and  gold  follow  these 
ranges,  the  solution  of  the  problem  will  have  im[)ortant  practical 
bearings,  and  will  also  show  whether  the  Montalban  is  inferior  to 
or  superior  to  the  Huronian.  Large  Laurentian  areas  may  be  looked 
for  in  the  midland  Virginia  district. 


SOIfE  DRIFT  HEMATITE  DEPOSITS  IN  EAST  TENNESSEE. 

BY  EDWARD  NICHOLS,   RIDGE   VALLEY,    6A. 

These  deposits,  which  are  found  in  James  County,  Tennessee,  differ 
both  in  their  mode  of  occurrence  and  in  their  chemical  constitution 
from  any  other  ores  belonging  to  the  same  geological  horizon  which 
are  known  to  the  writer.  Taylor's  Ridge,  or  White  Oak  Mountain, 
is  a  long  monoclinal  ridge,  which  starts  from  a  point  near  the  Ten- 
nessee River  in  Meigs  County,  and,  following  a  southwest  course, 
extends  unbrokenly  into  Cherokee  County,  Alabama,  where  it  finally 
disappears.  It  is  made  up  of  strata  of  the  Upper  Silurian  rocks, 
which  dip  to  the  southeast.  To  the  eastward  of  this  ridge,  wliich 
is  generally  several  hundred  feet  high,  are  a  series  of  low  foothills 
or  knobs,  composed  of  Clinton  shales  carrying  seams  of  fossil iferous 
hematites.  In  the  neighborhood  of  the  East  Tennessee,  Virginia, 
and  Georgia  Raih'oad,  where  it  crosses  the  ridges,  considerable  ore 
has  been  mined  from  these  seams  during  the  past  ten  years.  Most 
of  the  workings  have  been  superficial,  and  the  ores  mined,  with  one 
exception,  carry  a  silicious  and  non-calcareous  gangue,  and  contain 
from  fifty  to  sixty  per  cent,  of  iron. 
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In  tliis  neighborhood  there  are  three  parallel  ranges  in  which 
these  seams  of  ore  are  found,  the  distance  between  them  being  about 
half  a  mile.  While  the  geological  structure  of  each  of  these  series 
is  no  doubt  identical  there  is  a  surprising  difference  in  the  quality 
of  the  ores  found  in  them. 

Lying  on  the  eastern  slope  of  the  foot  hill  nearest  Taylor's  Ridge 
are  the  deposits  to  which  attention  is  here  particularly  called.  Two 
closely  parallel  seams  of  ore,  whose  character  is  shown  in  analyses 
III  and  IV,  given  below,  are  found  outcropping  near  the  summit 
of  the  same  hill.  The  ore  at  the  base  shows  itself  at  the  surface  in 
irregular  patches  in  the  form  of  well-rounded  gravel  and  small 
boulders.  The  underlying  soil,  which  is  a  ferruginous  clay,  has 
similar  ore  mixed  through  it  to  a  depth  of  from  six  to  eight  feet, 
and  it  is  in  sufHcient  quantity  to  be  profitably  worked.  In  appear- 
ance this  ore  has  a  reddish-black  color  and  its  structure  is  quite 
dense  and  apparently  impervious  to  the  action  of  meteoric  solvents. 

Its  chemical  condition  is,  however,  such  that  it  is  difficult  to  con- 
nect it  with  any  of  the  neighboring  fossiliferous  seams  from  whence 
it  is  likely  to  have  been  derived.  The  following  are  analyses  of  the 
gravel  ore  and  of  the  neighboring  ore  seams: 


Number  of  Sample. 

Phosphorus. 

Silicious  matter. 

Metallic  iron. 

I, 

II, 

Ill, 

IV, 

V, 

VI, 

0.075 
0.054' 
0.395 
0.399 
0.2U3 
0.249 

11.35 
16.63 
23.40 
16.15 
17.50 
16.80 

59.05 
62.72 
54.54 
53.69 
53.26 
52.96 

I  and  II  are  gravel  ore;  III,  silicious  ore  from  seam  near  I  and 
II ;  IV  and  V  are  limestone  ores  from  seam  close  to  III.  VI,  ore 
from  seam  one  mile  M'est  of  the  gravel  ore. 

From  analyses  I  and  II  it  will  be  seen  that  the  distinguishing 
characteristic  of  this  drift  ore  is  its  richness  in  iron  and  freedom 
from  phosphorus,  making  it  available  for  the  manufacture  of  Besse- 
mer iron.  No  record  can  be  found  of  any  Clinton  fossiliferous  ore 
containing  as  small  an  amount  of  phosphorus  in  proportion'  to  tlie 
iron. 

Analyses  III,  IV,  V,  and  VI,  show  so  much  more  phosphorus 
in  proportion  to   the  percentage  of  iron    that   it   seems    improbable 
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that  this  drift  ore— -for  such   it  undoubtedly  is — could  have  been 
derived  from  them. 

Unfortunately  the  extent  of  these  drift  deposits  seems  quite  lim- 
ited, for  they  would  be  particularly  valuable  in  this  region,  which  is 
singularly  deficient  in  rich  Bessemer  ores. 


OiV  THE   COMPAllATIVE  EFFICIENCY  OF  FANS  AND 
POSITIVE  BLOWERS* 

BY  H.  M.  HOWE,   A.M.,  M.E. ,  BOSTON,  3IASS. 

On  commencing  the  construction  of  the  Orford  Company's  cop- 
per smelting  works,  at  Bergen  Point,  N.  J.,  I  endeavored  to  con- 
vince our  President,  Mr.  \V.  E.  C.  Eustis,  by  actual  tests,  that  at 
the  pressure  of  from  15  to  18  ounces  per  square  inch,  em])loyed  by 
us  in  smelting,  less  power  was  consumed  in  delivering  a  unit  of 
blast  by  a  Baker  blower  than  by  a  fan  blower.  I  attempted  to  prove 
this  in  the  following  manner:  Across  the  mouth  of  a  No.  5J  Baker 
blower  I  firmly  fastened  a  board  with  two  round  holes,  6  inches  in 
diameter,  cut  in  it.  The  board  was  fastened  so  tightly  that  no  air 
could  escape  except  through  the  holes.  I  then  drove  i\\Q  blower  at 
several  different  speeds,  observing  the  pressure  at  which  the  air  es- 
caped through  the  two  openings  for  each  different  speed  of  the 
blower,  and  also  indicating  the  engine,  whose  only  work  at  that 
time  was  to  drive  the  blower. 

From  this  I  calculated  the  quantity  of  power  required  to  deliver, 
with  a  Baker  blower,  sufficient  air  to  keep  the  pressure  at  a  given 
point,  while  it  escaped  freely  through  the  two  six-inch  apertures  into 
the  open  air;  or,  in  other  words,  to  deliver  air  at  a  given  pressure 
through  these  two  openings.  From  the  total  power  so  consumed  it 
was,  of  course,  necessary  to  deduct  the  power  which  was  required  to 
drive  the  engine  itself.  This  was  ascertained  by  removing  from  the 
engine  the  belt  which  drove  the  blower,  and  then  noting  the  quantity 
of  power  consumed  in  simply  turning  the  engine  over  without  any 

*  When  this  paper  was  read  it  was  stated  tliat  the  writer  hoped  to  add  to  it  the 
results  of  further  experiments  on  tlie  Baker  blower.  Since  then  he  has  experi- 
mented on  two  almost  new  Baker  blowers  at  Pelton,  Arizona.  The  results  so  ob- 
tained merely  strengthen  the  conclusions  previously  arrived  at,  and  have,  therefore, 
been  incorporated  in'tlie  paper,  rendering  it  slightly  fuller  than  when  originally 
read. 
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load,  at  the  speed  which  it  had  when  driving  the  blower.  The  re- 
mainder gave,  approximately,  the  })ower  consumed  by  the  blower 
itself.  I  say  approximately,  because  undoubtedly  the  engine  con- 
sumed slightly  more  power  in  the  mere  act  of  turning  itself  over 
when  driving  the  blower  than  when  running  without  any  load,  since, 
in  the  former  case,  the  engine  shaft  was,  of  course,  heavily  strained 
against  its  bearings  by  the  tension  of  the  blower-belt. 

These  tests  were  made  on  a  new  Baker  blower  at  the  maker's 
works. 

I  next  applied  the  same  tests  to  a  small  "G"  Hawkins  fan,  which 
had  been  very  roughly  handled  by  unskilled  mechanics,  and  had 
been  strained  by  being  driven  at  a  speed  and  pressure  for  which  it 
was  not  calculated.  To  my  great  surprise,  on  comparing  the  results, 
the  little  Hawkins  fan  had  actually  required  less  power  to  do  the 
same  work  than  the  Baker  blower. 

The  results  of  these  tests  are  represented  graphically  by  the  lines 
on  the  accompanying  chart,  in  which  horizontal  distances  from  the 
origin  represent  the  pressure  of  the  blast,  and  vertical  distances  the 
power  consumed  in  delivering  it.  Each  of  the  lines  represents  the 
results  of  tests  made  on  one  blower,  and  with  a  fixed  number  and 
size  of  orifices.  These  lines,  to  repeat,  indicate,  by  the  distance  of 
any  particular  point  on  them  from  the  line  0  A",  the  pressure  ob- 
tained at  any  one  observation,  and,  by  its  distance  from  the  line  0  \\ 
the  power  consumed  in  delivering  the  blast,  at  that  pressure,  through 
one  six-inch  round  opening.  Although  in  the  t^sts  from  one  to  six 
such  openings  were  used,  the  results  are  all  reduced  to  the  power  con- 
sumed per  one  six-inch  opening  to  facilitate  comparison.  The  num- 
ber of  openings  employed  was  the  same  for  all  the  observations  which 
are  represented  by  any  one  line.  The  line  at  the  bottom  of  the 
chart  shows  the  results  obtained  with  the  "G"  Hawkins  fan,  and 
the  line  next  above  it  gives  those  of  the  Baker  blower.  There  is  a 
fairly  uniform  margin  in  favor  of  the  Hawkins  amounting  to  some 
ten  per  cent. 

The  lines  at  the  left  hand  of  the  diagram  give  the  results  ob- 
tained with  two  No.  4|  liaker  bh)wers  at  the  Pima  Copper  Mining 
and  Smelting  Company's  works,  at  Pel  ton,  Arizona.  One  of  these 
(slightly  the  least  efficient  of  the  two)  had  been  used  only  some  three 
hundred  hours,  and  was  api)arcntly  in  good  condition.  There  seemed 
to  be  an  excellent  fit  between  the  parts,  and  I  am  at  a  loss  to  account 
for  the  very  low  efficiency  of  the  machine.  At  the  highest  s|)eod 
considered  safe  by  its  makers,  it  could  only  raise  the  pressure  of  the 
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air  escaping  through  a  6-inch  round  aperture,  to  5  oz.  The  other 
Baker  blower  at  the  same  works,  though  consuming  slightly  less 
power,  was  unable  to  raise  the  blast  escaping  through  a  6-inch  round 
aperture  above  a  pressure  of  5  oz.,  at  nearly  the  highest  safe  speed 
(184  rev^olutions). 

It  will  be  observed  that  (as  with  the  No.  10  Sturtevant  fan),  the 
consumption  of  power,  per  unit  of  aperture  for  a  given  pressure,  is 
slightly  higher  with  a  small  aperture  than  with  a  larger  one,  the 
line  giving  the  results  obtained  with  a  3-inch  round  orifice  being 
uniformly  a  little  higher  than  that  showing  the  results  obtained  with 
one  6  inches  in  diameter. 

Let  us  now  examine  the  four  lines,  exhibiting  the  results  ob- 
tained with  a  No.  10  Sturtevant  fan  blower.  The  upper  line  shows 
the  consumption  of  power  by  this  blower  per  six-inch  opening  at 
various  pressures  when  the  fan  delivered  air  through  only  one  such 
opening;  the  next  line  shows  similar  results  when  delivering  air 
tlirough  two  such  openings,  the  next  the  results  with  three  openings, 
and  the  lowest  with  six. 

Here  the  consumption  of  power,  per  unit  of  air  delivered,  is  much 
less  when  the  fan  delivers  a  large  volume  of  air,  than  when  it  de- 
livers a  smaller  volume.  Thus  we  find  that,  for  the  same  pressure, 
the  consumption  of  power  is  nearly  twice  as  large  per  unit  of  opening, 
when  only  one  opening  is  employed,  as  when  there  are  three  open- 
ings. It  therefore  appears  to  be  more  economical  of  power,  to  work 
this  fan  well  up  to  its  normal  capacity,  than  to  run  it  much  below 
its  capacity.  This  is  probably  the  reason  why  the  little  Hawkins 
fan  shows  such  high  efficiency,  as  it  was  driven  much  nearer  to  its 
maximum  capacity  than  the  other  fans  were. 

The  speed  of  the  engine,  and  therefore  the  speed  of  the  fan,  was 
almost  exactly  the  same  in  the  tests  of  the  No.  10  Sturtevant  fan  for 
a  given  pressure  of  blast,  whether  one,  two,  or  three  openings  were 
employed.  Observations  were  made  also  with  four  and  five  open- 
ings, with  results  parallel  with  those  here  recorded. 

The  observations  of  the  No.  10  Sturtevant  fan  were  all  made  in 
triplicate,  w'ith  very  closely  agreeing  results.  In  some  instances 
there  was  a  discrepancy  of  less  than  0.1  per  cent,  between  the  dif- 
ferent observations. 

Comparing  these  results  with  those  obtained  with  the  two  No.  4J 
Baker  blowers,  it  will  be  observed  that  the  capacity  of  the  fan  greatly 
exceeds  that  of  its  rival,  as  regards  volume,  and  as  regards  j)ressure 
when   any  considerable  volutne   is   delivered;  as   for  efficiency,  the 
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consumption  of  power  per  unit  of  opening  is  uniformly  about  five 
times  as  great  for  a  given  pressure  with  tiie  Baker  blower,  as  with 
the  fan,  when  the  latter  is  working  anywhere  near  its  normal  capacity. 
Even  Avhen  this  fan  is  delivering  but  a  small  fraction  of  its  normal 
capacity  (the  air  escaping  through  a  single  6-inch  orifice)  its  con- 
sumption of  power,  per  unit  of  work,  is  considerably  less  than  one 
half  of  that  of  either  of  the  No.  4|  Bakers,  for  any  of  the  pressures 
observed  above  6  oz.,  and  at  lower  pressures  onl}*slightlv  above  one- 
half. 

The  No.  10  Sturtevant  easily  fills  five  times  as  large  an  orifice  at 
16  oz.,  and  four  times  as  lai'ge  an  orifice  at  15  oz.  pressure,  as  either 
of  the  No.  4|  Bakers  does  at  5  oz.,  the  cost  of  the  former  machine 
being  about  one-third  of  that  of  the  latter. 

At  the  heads  of  the  two  arrows  are  given  the  results  obtained 
with  a  No.  9  Sturtevant  fan.  The  upper  arrow  shows  the  consump- 
tion of  power  when  delivering  air  through  one  opening;  the  lower 
arrow,  the  consumption  per  opening  when  delivering  through  two 
openings.  The  difference  between  the  consumption  of  power  per 
opening  for  one  and  for  two  openings  is  much  less  for  this  fan  than 
with  the  No.  10  Sturtevant. 

Another  line  shows  the  results  obtained  with  a  No.  J  Root  blower 
at  the  Massachusetts  Institute  of  Technology.  The  observations 
on  this  blower  (as  well  as  on  the  several  Baker  blowers  and 
the  "  G  "  Hawkins  fan)  were  made  with  a  mercury  pressure-gauge, 
of  the  ordinary  U  form,  which  does  not  admit  of  close  readings. 
This  probably  accounts  for  the  sharp  bend  in  the  middle  of  the  line. 
The  observations  on  the  No.  10  Sturtevant  fan  were  made  with  a  wa- 
ter-gauge, U  shaped,  which  permits  a  very  much  closer  reading.  Ac- 
cordingly, we  find  the  lines,  which  record  these  observations,  much 
more  nearly  straight.  One  of  them  would  be  made  perfectly  straight 
by  an  alteration  of  about  4-ounce  in  one  observation,  and  -j^^-ounce  in 
another,  or  by  a  difference  of  |  horse-power  in  the  two  discordant 
readings.  Considering  to  what  extent  the  conditions  necessarily 
varied  during  the  trials,  these  results  come  as  near  to  a  straight  line 
as  can  be  expected. 

The  No.  ^  Root  blower  had  not  been  used  very  much  ;  it  is  oidy 
occasionally  emj)loyed,  when  the  little  exjx'rimental  furnace,  which 
it  supplies,  is  used.  It  is  in  a  rather  favorable  position,  and  in 
careful  hands;  yet,  the  results  of  these  tests,  which  were  made  in 
triplicate,  show  that  it  consumes  from  two  to  three  times  as  much 
power  as  some  other  blowers. 
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The  black  dot,  inclosed  in  a  circle,  shows  the  consumption  of 
power  by  an  experimental  fan  blower,  which  is  nearly  three  times  as 
great  as  that  of  the  "  G"  Hawkins. 

Let  us  now  consider  some  of  the  advantages  and  disadvantages 
of  these  two  classes  of  blowers, — fans  and  positive  blowers.  In  first 
cost,  the  fan  has  very  greatly  the  advant^ige.  I  should  say,  roughly, 
that,  for  the  same  capacity,  the  Baker  blower  costs  about  four  times 
as  much  as  a  fan.  'In  the  cost  of  repairs,  the  Baker,  probably,  has  a 
sHgiit  advantage  over  fans,  as  ordinarily  used,  the  wear  and  tear  of  the 
belts  being  quite  expensive.  But  I  do  not  think  this  is  at  all  neces- 
sary. At  Bergen  Point  we  have  delivered  as  much  as  100  horse-power 
to  one  fan,  and  we  hardly  ever  have  any  trouble  with  the  belt.  Ma- 
kers of  fans  have  paid  great  attention  to  getting  smooth-running  bear- 
ings, but,  until  very  lately,  they  have  always,  as  far  as  I  know,  put 
on  ridiculously  small  pulleys,  both  as  regards  diameter  and  width. 
The  consequence  is,  that  the  belts  are  generally  overstrained,  last 
but  a  short  while,  and  break  at  inconvenient  times. 

If  the  width  and  diameter  of  fan  pulleys  were  both  doubled,  and 
one  good  broad  belt  were  used,  the  wear  and  tear  would  be  insig- 
nificant. Our  experience  has  been,  that  one  broad  belt  lasts  much 
longer  than  two  slightly  narrower  ones,  and  I  should  never  think 
of  having  a  fan  run  with  two  belts.  Again,  belts  should  be  made 
continuous.  When  running  at  a  speed  of  IJ  miles  per  minute,  as 
our  fan-belt  does,  and  transmitting  a  heavy  strain,  I  do  not  believe 
that  lacing,  hooks,  or  any  similar  kind  of  fastening,  can  be  made  to 
stand  the  blow  which  it  receives  when  it  strikes  the  driven-pulley. 
To  wear  well,  the  belts  should  be  made  in  one  continuous  piece. 

Undoubtedly,  much  power  is  consumed  in  overcoming  the  cen- 
trifugal force  of  the  belt  at  such  a  high  speed,  and  in  so  rapidly 
changing  its  direction.  Mr.  Eustis  has  proposed  to  overcome  this 
objection  to  the  use  of  fans  by  driving  them  by  means  of  a  small 
turbine  wheel  attached  directly  to  the  shaft  of  the  fan  itself,  and 
driven  by  a  plunger  pump  actuated  by  the  engine. 

A  good  Sturtevant  or  Hawkins  fan,  with  decent  treatment,  ap- 
pears to  last  almost  indefinitely,  and  to  work  as  efficiently  when  old 
as  when  new.  I  should  think,  from  its  construction,  that  the  con- 
sumption of  power  by  the  Baker  blower  would  increase  with  its  use. 
The  efficiency  of  the  blower  depends  mainly  on  having  an  accurate 
fit  between  the  central  bladed  cylinder  and  the  two  revolving  cres- 
cents. Now,  when  the  machine  is  new,  there  is  certainly  a  most  ex- 
cellent fit;  indeed,  the  whole  workmanship  of  the  blower  leaves 
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nothing  to  be  desired.  But  it  seems  to  me  that  Avhen  the  bearings 
of  tiie  crescents  wear,  as  wear  they  must  in  time,  in  spite  of  their 
great  breadth,  there  will  be  a  tendency  on  their  part  to  separate  from 
the  cylinder,  and,  by  allowing  the  air  to  slip  back  through  the  slit 
thus  formed,  to  greatly  decrease  the  efficiency  of  the  machine.  In 
careful  hands,  this  wearing  of  the  bearing  of  the  crescents  can  be 
taken  up;  but  in  how  many  smelting  works  would  it  actually  be 
taken  up  ? 

The  fan  needs  more  careful  and  consequently  more  costly  attend- 
ance than  the  Baker  blower.  It  must  be  well  oiled,  and  with  the 
very  best  of  oil,  and  the  belt  must  be  kept  in  the  very  best  possible 
condition.  The  necessity  of  this  more  careful  handling  for  fans  is  in 
great  part  due  to  the  high  speed  at  Avhich  they  must  run.  In  remote 
places,  where  the  best  of  belting  and  the  line  and  costly  oils,  neces- 
sitated by  the  high  speed  of  fans,  are  difficult  to  get,  and  where  the 
somewhat  more  skilful  labor  they  require  is  costly,  this  is  certainly 
a  serious  objection. 

On  the  other  hand  while  a  Baker  blower  may  be  kept  running  by 
a  man  not  sufficiently  careful  and  intelligent  to  keep  a  fan  from  get- 
ting very  seriously  out  of  order,  or  even  from  becoming  entirely 
disabled-,  yet  I  am  inclined  to  think  that  considerably  more  skill 
and  intelligence  is  required  to  keep  a  Baker  blower  up  to  its  highest 
efficiency  than  so  to  maintain  a  fan.  Almost  the  only  things  nec- 
essary to  enable  a  fan  to  work  most  efficiently  are  to  keep  its  bear- 
ings thoroughly  lubricated  and  its  belt  in  good  order.  This  must  also 
be  done  with  the  Baker  blower;  but  in  addition  the  position  of  its 
moving  parts  must  be  regulated  with  the  very  greatest  nicety,  to 
obtain  its  best  efficiency  (though,  indeed,  it  can  be  kept  running,  but 
most  inefficiently,  if  this  be  neglected),  and  I  believe  that  this  ad- 
justment requires  much  higher  intelligence  and  care  than  are  needed 
for  the  proper  maintenance  of  a  fan. 

On  seeing  the  large  engines  at  the  Orford  Company's  works,  it 
has  been  remarked  that  the  fact  that  we  used  so  much  more  engine- 
power  per  furnace  for  our  fans  than  was  consumed  in  Western 
smelting  works,  where  the  Baker  blower  is  in  general  use,  showed 
that  fans  were  the  less  efficient  of  the  two.  A  little  reflection  shows 
that  this  is  no  proof,  there  being  great  differences  in  the  conditions. 
In  the  AVestern  smelting  works,  using  the  Baker  blower,  they  do 
not  smelt  more  than  50  tons  of  mine  per  twenty-four  hours,  in  fur- 
naces of  the  same  size  as  those  in  which  we  smelt  from  90  to  100 
tons.     They  use  very  small  tuyeres,  and  in  general  a  low  pressure, 
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and  consequently  a  very  small  volume  of  air.  We  use  very  large 
tuyeres,  and  a  high  pressure.  From  frequent  comparisons,  I  do  not 
think  that  we  are  using  more  power  per  unit  of  air  delivered,  though 
we  unquestionably  use  much  more  per  furnace,  and  probably  more 
per  unit  of  mine  smelted.  Any  slight  excess  of  consumption  of 
power  per  unit  of  mine  is  much  more  than  counterbalanced  by  the 
great  saving  of  labor  effected  by  smelting,  as  we  do,  nearly  double 
the  amount  of  mine  per  furnace. 

Again,  it  would  probably  be  impossible  to  run  brick  furnaces  as 
we  do  for  many  months  at  a  time,  without  water  tuyeres  or  any  pro- 
tection for  the  brickwork,  and  with  highly  basic  and  corrosive  slags, 
if  we  did  not  employ  enormous  volumes  of  air  at  a  high  pressure. 
This  at  the  same  time  wholly  prevents  the  formation  of  salamanders. 
Without  this  excess  of  air,  and  with  our  highly  ferruginous  slags, 
salamanders  would  inevitably  form. 

These  facts  and  considerations,  while  not  sufficiently  extended  to 
establish,  yet  point  towards  the  following  conclusions: 

1.  Fans  and  Baker  blowers  Avork  more  efficiently  at  a  given  pres- 
sure when  delivering  large  volumes  {l.  e.,  when  working  nearly  up  to 
their  maximum  capacity)  than  when  delivering  comparatively  small 
volumes.  Therefore,  when  great  variations  in  the  quantity  and 
pressure  of  blast  required  are  liable  to  arise,  the  highest  efficiency 
would  be  obtained  by  having  a  number  of  blowers,  always  driving 
them  up  to  their  full  capacity,  and  regulating  the  amount  of  blast 
by  altering  the  number  of  blowers  at  work,  instead  of  having  one 
or  two  very  large  blowers  and  regulating  the  amount  of  blast  by  the 
speed  of  the  blowers.  On  the  other  hand,  this  arrangement  will 
often  be  a  costly  one,  since,  if  fans  are  used,  a  separate  pipe  for  each 
blower  would  probably  be  necessary. 

2.  There  appears  to  be  little  difference  between  the  efficiency  of 
fans  and  of  Baker  blowers  when  each  works  under  favorable  condi- 
tions as  regards  quantity  of  work,  and  when  each  is  in  good  order. 
But  even  new  Baker  blowers,  when  apparently  properly  handled, 
seem  liable  to  get  into  a  state  in  which  they  require,  even  when  per- 
forming the  most  favorable  quantity  of  work,  much  more  power 
than  a  fan  does  when  working  at  its  normal  capacity,  and  even  twice 
as  much  as  a  fan  requires  when  working  at  say  one-sixth  of  its  nor- 
mal capacity.  The  fact  that  none  of  the  fans  experimented  on 
showed  any  such  abnormal  consumption  of  power,  goes  to  show 
that  their  efficiency  is  not  so  liable  to  such  extreme  and  astonishing 
defeneration. 
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This  is  probably  due  to  the  foct  that  almost  the  only  thing  which 
lowers  the  efficiency  of  a  well-made  fan  on  a  normal  amount  of 
work  is  faulty  lubrication,  which  quickly  makes  itself  known  by  the 
heating  of  the  journals;  while  the  efficiency  of  the  Baker  blower 
depends  not  only  on  the  lubrication,  but  more  especially  on  an  accu- 
rate adjustment  of  the  moving  parts,  and  there  seems  to  be  no  ready 
way  of  detecting  even  a  serious  inaccuracy  in  this  adjustment. 

3.  While  a  degree  of  stupidity  and  carelessness  on  the  part  of  the 
attendant,  which  would  damage  or  even  disable  a  fan,  might  merely 
lower  the  efficiency  of  a  Baker  blower,  yet,  to  insure  a  high  degree 
of  efficiency,  more  skill  and  care  in  the  attendance  are  required  by 
a  Baker  blower  than  by  a  fan. 

4.  The  cost  of  positive  blowers  is  about  four  times  as  great  as  that 
of  fan  blowers  having  the  same  capacity  at  the  pressures  experi- 
mented on  (from  two  to  twenty  ounces). 

5.  The  cost  of  repairs,  insignificant  for  either  class  of  blower,  if 
properly  designed  and  cared  for,  is  slightly  greater  for  fans  than  for 
Baker  blowers. 

6.  The  general  impression  that,  by  using  Baker  blowers,  a  higher 
blast  pressure  is  obtained  in  foundry  and  cupola  smelting  works 
than  can  be  produced  by  a  fan  is  incorrect.  An  enormous  volume 
of  air  (sufficient  to  fill  fourteen  6-inch  tuyeres  delivering  into  an 
open-burdened  coke  furnace),  at  a  pressure  of  twenty  ounces  per 
square  inch,  is  easily  delivered  by  a  single  fan.  The  writer  is  not 
aware  that  any  cupola  practice  on  this  continent  requires  a  higher 
pressure. 

7.  The  experiments  on  the  Root  blower  tend  to  justify  a  general 
disfavor  into  which  this  machine  has  fallen,  due  to  the  apparently 
inevitably  bad  adjustment  of  the  moving  parts. 

8.  In  adopting  the  general  practice  in  the  West  of  discarding  fluis 
in  favor  of  Baker  blowers,  I  believe  that  smelters  have  to  a  great 
extent  blindly  followed  each  other's  lead,  and  that  the  general  dis- 
favor into  which  fans  have  there  fallen  is  not  justified. 

9.  For  a  given  speed  of  fan,  any  diminution  in  the  size  of  the 
blast  orifice  decreases  the -consumption  of  power  and  at  the  same 
time  raises  the  pressure  of  the  blast;  but  it  increases  the  consump- 
tion of  power  per  unit  of  orifice  for  a  given  pressure  of  blast. 
When  the  orifice  has  been  reduced  to  the  maximum  normal  size  for 
any  given  fan,  further  diminishing  it  causes  but  slight  elevation  of 
the  blast  pressure;  and,  when  the  oriiice  becomes  comi)arntively 
small,  further  diminishing  it  causes  no  sensible  elevatiim  of  the  blast 
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pressure,  which  remains  practically  constant,  even  when  the  orifice 
is  entirely  closed, 

10.  Many  of  the  failures  of  fans  have  been  due  to  too  low  speed, 
to  too  small  pulleys,  to  improper  fastening  of  belts,  or  to  the  belts 
being  too  nearly  vertical,  in  brief,  to  bad  mechanical  arrangement, 
rather  than  to  inherent  defects  in  the  principles  of  the  machine. 

11.  If  several  fans  are  used,  it  is  probably  essential  to  high  effi- 
ciency to  provide  a  separate  blast-pipe  for  each  (at  least  if  the  fans 
are  of  different  size  or  speed),  while  any  number  of  positive  blowers 
may  deliver  into  the  same  pipe  without  lowering  their  efficiency. 
In  these  cases,  the  higher  cost  of  blast-pipe  required  by  a  group  of 
fans  would  generally  be  much  more  than  counterbalanced  by  the  low 
cost  of  the  fans  themselves,  as  compared  with  positive  blowers. 


ASS  A  YING  OF  SIL  VER  B  ULLION.  * 

BY  F.  C.  BLAKE,  MANSFIELD  VALLEY,  PA. 

The  apparatus  which  I  shall  describe  in  this  paper  has  been  in 
use  for  some  time  at  the  laboratory  of  the  Pennsylvania  Lead  Com- 
pany's works,  and  has  been  found  to  give  good  results,  and  to  be 
simple  and  convenient. 

Steam  Bath. — This  steam  bath  is  shown  by  Figs.  1,  2,  3,  and 
4.     It  is  made  of  sheet  copper,  about  one-twelfth  of  an  inch  thick, 


Fig.l 


PLAN  D 

Scale  of  Inches 


the  joints  being  brazed,  and  is  used  for  heating  the  bottles  in  which 
the  silver  samples  are  dissolved,  previous  to  the  fineness  determina- 

*  Eead  at  the  Harrisburg  Meeting,  October,  1881. 
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tions  by  the  Gay  Lussac  volumetric  method  ;  for  heating  the  flasks 
in  which  the  gold  parting  is  made  in  bullion  or  other  gold  assay- 
buttons  ;  and  for  general  analytical  work. 

Fig.  1  shows  a  plan  of  the  bath.  The  orifices,  marked  a,  are  made 
of  the  proper  shape  to  hold  the  silver  assay  bottles  in  an  inclined 
position,  the  necks  resting  on  the  raised  flanges,  e  e.  There  is  de- 
scribed in  Percy's  volume  on  Gold  and  Silver,  Part  I,  page  289,  a 
bath  for  heating  silver  assay  bottles.  It  has  this  disadvantage,  how- 
ever, that  the  bottles  stand  erect,  and  there  is  a  slight  danger  that 
some  of  the  fine  spray  arising  with  the  evolution  of  nitrous-oxide 
during  solution  of  the  silver  may  be  projected  from  the  bottle,  or 
upon  the  stopper  neck.  When  the  bottles  rest  in  an  inclined  posi- 
tion, there  can  be  no  loss  in  this  way,  though  the  stopper  neck  should 
always  be  washed  down  with  distilled  water  before  adding  the  salt 
solution.  The  orifices,  marked  6,  are  used  for  heating  the  small^ 
fiasks,  in  which  the  gold  is  parted  from  silver  buttons,  the  necks  of 
the  flasks  resting  on  flanges,  also  marked  e  e.  The  ordinary  one- 
ounce  flasks  we  find  to  be  more  convenient  for  gold  parting  than  the 
special  long  flasks  called  parting  flasks,  especially  in  transferring  the 


t 


Fig.2 


SECTION  AT  A  B. 


gold  to  the  small  porcelain  crucibles  in  which  it  is  annealed  in  the 
muffle  furnace.  The  orifices,  marked  c,  are  used  for  heating  beakers, 
flasks,  etc.,— for  general  analytical  work.     They  are  covered  by  the 
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usual  overlapping  spun-copper  rings.     Covers  are  also  used  on  the 
orifices  for  silver  assay  bottles  and  gold  parting  flasks. 
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Fig. 4-         END  ELEVATION 


Figs.  2  and  3  show  two  cross-sections  at  right  angles   to  eacli 
other.     The  flanges  above  referred  to  are  shown  at  c  /  /  is  the  inlet 
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for  steam  ;  cZ  is  a  strengthening  diaphragm.     In  Fig.  4,  which  rep- 
resents an  end  elevation,  g  is  the  outlet  for  condensed  water. 

Shaking  Engine. — Fig.  5  gives  an  elevation  of  a  small  upright 
engine,  which  has  a  rod,  c,  running  through  the  packing  gland,  d,  in 
the  upper  cylinder  head.  A  box,  B,  is  screwed  to  the  rod,  c.  This 
box  is  made  to  hold  nine  silver  assay  bottles.  A  piece  of  thick  slieet 
rubber  is  fastened  upon  the  bottom  of  the  box,  and  also  a  sheet  to 
the  under  side  of  the  cover,/.    The  cover,/,  is  clamped  down  tightly 


ASSAY  BOTTLE  SHAKING  ENGINE 
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Fig.5 

upon  the  bottles  by  the  hinged  holders,  e  e,  which  are  held  in  place 
by  a  rubber  band.  In  this  way  the  bottles  and  their  stoppers  are 
held  firmly  in  place,  and  will  not  be  disturbed  by  the  shaking.  This 
small  engine,  as  arranged  for  shaking  the  silver  assay  bottles,  was 
introduced  by  Mr.  E.  F.  Enrich,  and  has  proved  to  be  a  great  con- 
venience in  making  silver  fineness  determinations  by  the  Gay  Lussac 
method.  The  bottles  are  excluded  from  the  light,  and  there  is  no 
difficulty  in  obtaining  a  perfectly. clear  solution,  when  the  bottles  are 
shaken  from  one  to  two  minutes.  If  more  convenient,  the  small 
engine  could  be  replaced  by  a  crank,  run  from  a  line  of  shafting,  but 
I  think  the  engine  to  be  preferable,  and  to  be  a  great  improvement 
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over  hand  shakino;,  or  the  shaking  case,  as  arranged  with  springs 
above  and  below  the  case. 

We  have  found  that  the  Gay  Lussac  method  of  vohinietric  assay 
is  the  most  reliable  and  convenient  for  determining  the  silver  fine- 
ness of  bullion,  that  contains  but  a  small  jjercentage  of  copper  or  other 
imj)urities.  The  Stas  pipette  is  the  best  form  for  convenience  and 
accuracy.  The  arrangements  for  determining  the  temperature  of  the 
salt  solution,  when- assays  are  made  as  described  by  Sire  and  others, 
are  not  reliable  in  general  work,  unless  more  time  and  care  are  used 
in  making  corrections  than  would  be  needed  to  make  a  determina- 
tion upon  fine  silver  of  the  value  of  the  salt  solution  with  each  set 
of  assays.  This  latter  method  is  probably  the  better  one.  With 
each  set  of  determinations  one  should  be  made  upon  pure  silver,  from 
which  the  strength — whether  above  or  below  the  normal — of  the 
salt  solution  can  be  determined.  All  the  assays  of  any  set,  including 
that  of  fine  silver,  are  made  under  exactly  the  same  conditions,  and 
the  results  should  be  accurate  if  the  test  silver  is  pure.  There  is  no 
difficulty  in  preparing  pure  silver,  if  care  is  taken  to  obtain  a  pure 
chloride.  If  silver,  998  or  999  fine,  cannot  be  used  to  dissolve  for 
precipitation  as  chloride,  it  is  best  to  redissolve  the  silver  first  re- 
duced from  the  chloride  and  reprecii)itate.  The  assays,  made  by 
different  persons,  of  silver  bullion  bars,  often  do  not  agree  exactly, 
especially  when  the  bullion  contains  a  considerable  percentage  of 
impurities.  Onecause  for  thedifferent  results  isdue  to  thesampling. 
The  bar  should  always  be  sampled,  when  it  is  possible,  as  it  is 
poured,  a  small  portion  being  taken  with  a  sample  ladle,  as  soon  be- 
ibre  the  bar  chills  as  possible,  and  granulated  in  water.  There  will 
be  sometimes  a  slight  difference  between  the  poured  sample  and  one 
which  is  cut  from  the  surfiice  of  the  chilled  bar,  due  to  molecular 
changes  in  the  alloy  as  the  bar  cools,  especially  if  the  bullion  is  quite 
impure  and  cools  slowly.  It  is  evident,  I  think,  that  a  sample, 
properly  taken  when  the  bullion  is  poured  from  the  cupel  test,  or 
from  a  crucible,  is  the  sample  which  will  most  accurately  represent 
the  bar. 


PRESENCE  OF  TELLURIUM  IN  COPPER* 

BY  T.  EQLESTON,   PH.D.,   NEW    YORK  CITY. 

Some  months  ago  samples  of  black  oxide  of  copper  and  of  pig 
copper  from   Colorado  were  sent  to    me  to  examine  for  arsenic  and 


*  Read  at  tlie  Harrisburg  Meeting,  October,  1881. 
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antimony.     I  examined  them  both  by  the  blow-pipe,  and  in  the  wet 
way,  but  found  none. 

A  quantity  of  tliis  material  was  purchased  by  a  large  metallurgical 
works,  but  when  they  attempted  to  refine  it  they  pronounced  it  to  be 
full  of  arsenic  and  antimony,  so  much  so,  that  their  furnaces  were, 
as  they  said,  "  poisoned,"  and  rendered  unfit  for  refining.  I  then 
re-examined  the  samples,  and  at  the  same  time  some  of  the  material 
which  had  *'  poisoned"  the  furnaces,  and  found  no  traces  of  arsenic 
or  antimony  when  the  usual  amounts  for  analysis  were  used,  but  on 
taking  very  large  amounts  I  found  traces  merely,  in  some  parts  of 
the  sample,  but  not  in  all.  As  it  was  a  matter  of  interest  to  ascertain 
what  the  white  substance  that  "  poisoned  "  the  furnace  was,  I  sent  to 
the  works  making  the  black  copper,  and  obtained  some  of  the  matte 
from  which  the  black  copper  was  made;  1  took  careful  samples,  both 
of  it  and  the  black  copper  and  the  refined  copper.  I  then  found 
the  impurity  to  be  tellurium,  a  substance  not  heretofore  known  as 
occurring  in  copper.  I  give  below  one  analysis  of  the  matte,  two  of 
the  black  copper,  and  one  of  the  refined  copper: 


Matte. 

Black  Copper. 

Copper 

Copper, 

55.02 

97.120 

98.090 

99.705 

Gold,  .... 

0.06 



Silver, 

0.40 

0.132 

0.128 

0.135 

Lead, .... 

17.87 

0.777 

0.757 

none. 

jginc  and  nickel. 

2.22 

0.070 

0.100 

0.024 

Iron,   .... 

4.18 

0.130 

0.080 

0.031 

Sulphur, 

20.02 

0.236 

■77 

trace. 

Tellurium,  . 

0.12 

0.093 

0.097 

0.083 

Arsenic,      ... 

* 

0.006 

* 

0.091 

Slag,  etc.,    . 

1.270 

0.192 

99.89 


99.834    99.444 


100.0G9 


*  No  traces  were  found  with  the  blow-pipe. 


The  mattes  and  the  black  copper  are  results  of  the  treatment  of 
copper  ores  witii  the  tellurium  ores  of  Colorado.  In  the  laboratory 
no  traces  of  wiiite  fumes  were  shown  on  charcoal,  but  when  the 
metal  in  the  furnace  was  subjected  to  the  process  of  "  dry  roasting," 
as  was  unintentionally  done,  very  dense  white  fumes  were  given  off. 
When  refined  and  cast  into  cake,  it  had  the  ordinary  appearance  of 
cake  copper.  It  was  then  reheated  for  rolling  in  the  ordinary  way, 
showing  no  signs  of  impurity.  At  the  first  pass  in  the  rolls,  very 
fine  cracks  showed  themselves,  which  opened  in  succeeding  passes. 
At  a  thickness  of  about  0.03  meter  the  cracks  on  either  side  nearly 
penetrated  the  cake,  and  at  about  0.008  meter  it  began  to  fall  to 
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piece?.     It  was   heated   and  rolled   at  different  temperatures,  but 
always  with  the  same  result. 

When  cold  the  metal  is  tough  and  malleable.  Although  the 
cakes  in  the  moulds  showed  no  coating,  when  they  were  heated 
repeatedly  and  allowed  to  cool  in  the  air  they  became  covered  with 
a  white  powder,  which  proved  to  be  the  oxide  of  tellurium.  The 
copper,  as  it  comes  from  the  cake  moulds,  has  every  appearauce  of 
being  good  copper. 

This  is  the  first  time,  so  far  as  I  know,  that  the  presence  of  tel- 
lurium has  been  detected  in  commercial  copper.  But  very  little  of 
it  is  removed  in  the  treatment,  as  the  four  analyses  show. 

It  is  surprising  how  very  small  a  quantity  renders  the  copper 
red  short,  and  consequently  worthless  for  rolling. 


HOT-BLAST  STOVES  AT  THEEDQAB  THOMSON  FVBNACES, 
'•B''  AND''E.''* 

BY  JULIAN  KENNEDY,    BRADDOCK,   PA. 

When  it  was  decided  to  erect  these  furnaces  the  company  also 
decided  to  use  the  Cowper  type  of  stoves.  It  was,  however, 
desirable  to  improve  upon  the  plan  of  the  stoves  then  in  operation, 
to  avoid,  if  possible,  some  defects  which  had  shown  themselves  in 
them.  The  stoves  now  in  use  at  Furnaces  "  A,"  "  B,"  and  '*  C  "  are  of 
the  well-known  type  of  Cowper  stove,  having  a  circular  combustion- 
chamber  placed  at  one  side  of  the  stove,  and  a  regenerator  with 
crescent-shaped  section,  resting  at  the  bottom  on  cast-iron  gratings, 
which  are  supported  in  turn  by  cast-iron  girders,  the  products  of 
combustion  passing  up  the  chamber,  down  through  the  flues  of  the 
regenerator,  and  thence  to  the  chimney. 

The  objection  to  this  shape  of  stove,  that  the  gases  would  not  pass 
down  the  parts  of  regenerator  lying  beside  and  behind  the  combus- 
tion-chamber— the  horns  of  the  crescent,  as  it  were,— did  not  apply  to 
the  newer  form  of  stoves,  with  combustion-chamber  having  a  straight 
wall  next  to  the  regenerator;  but  there  were  other  defects,  the  prin- 
cipal ones  being  the  small  size  of  tiie  openings  through  the  regener- 
ator and  tiie  material  used  for  supporting  it.  The  small  passages 
(4"  X4")  soon  choked  up,  and  when  a  part  of  them  became  entirely 
closed,  not  only  was  the  effective  heating  surface  greatly  diminished, 
but  as  the  remaining  openings  were  not  suflicient  to  absorb  tiie  heat 


*  Read  .it  the  Ilarrisbiirg  Meeting,  October,  1881. 
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fast  enough,  the  products  of  combustion  reached  the  bottom  of  the 
regenerator  at  too  high  a  temperature,  and  caused  the  cast-iron  grat- 
ings to  crack  and  warp.  The  openings  being  very  small  and  some- 
what irregular,  from  the  fact  that  they  were  built  of  tiles,  set  on 
edge,  and  each  course  free  to  get  out  of  vertical  alignment  with  the 
preceding  one,  it  was  very  hard  to  clean  them  when  choked,  it  being 
verv  often  impossible  to  pass  a  chain  through  them  without  first 
driving  throuofh  gas-pipe,  the  pipe  being  screwed  together  in  short 
pieces  as  fast  as  driven  down. 

After  careful  consideration  I  decided,  first,  to  adopt  six  inches  as 
the  smallest  admissible  size  of  openings;  second,  to  abandon  cast- 
iron  supports  for  the  regenerator;  third,  to  use  only  one  pass  through 
the  regenerator ;  fourth,  to  discharge  gases  from  stoves  and  boilers 
into  one  common  chimney;  fifth,  to  use  round  instead  of  square 
openings  through  the  regenerator. 

It  is,  of  course,  desirable  not  to  make  openings  any  larger  than  is 
necessary,  as  the  heating-surface  is  reduced  by  so  doing.  In  fact 
our  new  stoves  21'  X  72'  6",  with  6"  openings,  will  have  a  little 
less  heating-surface  in  the  regenerator  than  the  old  stoves,  20'  X  56', 
with  4"  X  4"  openings.  I  have  no  doubt,  however,  that  the  eflPective 
heating-surface,  after  a  few  weeks'  running,  will  be  very  much 
greater  in  the  new  stoves.  One  pass  through  the  regenerator  is 
better  than  three  or  more,  provided  the  flues  can  be  kept  clean  and 
the  hot  gases  distributed  evenly  among  them,  for  the  reason  that  a 
larger  area  of  openings  is  given  and  friction  reduced,  enabling  more 
gas  to  be  burned  with  a  given  chimney  draught. 

When  the  hot  gases  pass  through  a  multiflue  regenerator  from  top 
to  bottom,  the  tendency  is  to  cause  an  even  distribution,  for  if  one  flue 
gets  more  than  its  share  it  becomes  hotter  than  the  others,  and  so  has 
more  of  an  upward  draught,  which  tends  to  crowd  the  gases  down 
the  other  and  cooler  flues.  For  the  same  reason  the  cold  air  entering 
the  regenerator  at  the  bottom  has  a  tendency  to  ascend  the  hottest 
flues,  so  that  when  being  heated  and  when  being  cooled  the  operation 
goes  on  very  uniformly  all  over  the  regenerator.  With  openings  large 
enough,  even  a  very  wide  regenerator  will  work  with  the  greatest 
uniformity,  unless  the  passages  to. the  chimney  are  badly  propor- 
tioned, so  as  to  allow  the  gases  from  one  part  of  the  regenerator  to 
reach  the  chimney  much  easier  than  those  from  other  parts. 

The  gases  being  discharged  into  the  chimney  at  a  temperature  of 
350°  F.,  the  draught  is  not  very  strong,  but  by  also  discharging  the 
gases  from  boilers  into  the  same  chimney  we  get,  say  40  per  cent., 
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at  350°,  and  60  per  cent,  at  about  700°,  which  gives  us  a  chi:iiney 
temperature  of,  say  520°,  thus  greatly  increasing  the  draught  of  the 
stoves.  The  boiler-draught  is  somewhat  diminished,  but  this  does 
not  matter,  as  a  draught  strong  enough  for  the  stoves  is  far  more 
than  ample  for  the  boilers. 

Any  one  examining  a  dirty  regenerator,  with  ordinary  .square 
openings,  will  observe  that  the  most  of  the  dirt  accumulates  in  the 
corners.  By  making  the  openings  round  we  get  rid  of  the  corners, 
and  I  feel  confident  that  much  less  dirt  will  accumulate  in  the  flues. 

The  stoves  as  built  at  Furnaces  "D"  and  "E"  are  shown  on  the 
accompanying  plates.  The  regenerator  brick  are  hexagonal  in  sec- 
tion, ten  inches  across,  and  have  holes  six  inches  in  diameter  through 
them.  In  building  we  use,  for  first  course,  a  row  six  inches  deep,  then 
one  three  inches  deep,  etc.  We  then  use  six-inch  brick  all  through, 
until  we  reach  the  top,  when  the  work  is  levelled  up  by  using  three- 
-inch  brick  in  every  alternate  row.  By  this  means  the  joints  be- 
tween courses  are  broken  and  the  openings  kept  perfectly  true  and 
straight  from  top  to  bottom.  The  regenerator  is  carried  on  firebrick 
entirely,  no  castings  being  used.  The  chimney  is  16'  in  diameter,  in- 
side, for  40'  up;  then  it  tapers  in  to  15',  which  diameter  it  retains 
to  the  top.  The  height  from  the  point  of  entrance  of  the  boiler-flue 
to  the  top  is  235'. 

From  the  bottom  of  the  chimney  nine-inch  partition  walls  run  up 
about  thirty  feet,  giving  nearly  one-quarter  of  chimney  to  each  bat- 
tery of  three  stoves,  and  little  over  one-half  to  the  boilers.  From 
the  top  of  these  walls  the  gases,  of  course,  have  one  common  flue. 

DISCUSSION. 

Mr.  John  M.  Hartman:  When  the  Edgar  Thomson  Steel 
Works  gave  our  firm  orders  to  prepare  the  plans  and  specifications 
of  the  two  twenty-foot  fu)-naces,  "  B""and  "  C,"  they  directed  us  to 
follow  the  designs  of  the  Lucy  Furnaces,  at  Pittsburgh,  but  allowed 
us  to  make  any  changes  that  would  increase  the  output  within  cer- 
tain limits.  The  largest  volume  of  air  blown  in  any  twenty-foot- 
furnace  up  to  that  time  was  15,500  cubic  feet  per  minute.  The 
"B"  furnace  was  designed  to  use  18,500  feet  of  air  per  minute,  and 
the  stoves  contained  92,000  square  feet  of  iieating-surface.  After 
starting  the  "■  A  "  furnace  and  finding  that  the  volume  of  blast  used 
was  greater  than  that  originally  intended,  it  was  decided  to  increase 
the  "  0  "  stoves  to  100,000  square  feet  of  surface  and  use  20,000  feet 
VOL.  X. — '32 
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of  air,  the  "  B"  stoves  having  been  finished  by  this  time.  After 
bloM'ing-in  "  B  "  furnace,  Mr.  Kennedy  found  he  could  blow  more 
than  originally  intended,  and  increased  the  volume  up  to  28,000 
feet  for  maximum,  which  would  require  140,000  square  feet  of  sur- 
face. In  spite  of  this  excess  of  air  the  92,000  feet  of  surface  main- 
tained 1050°  in  the  blast. 

When  "C"  furnace  was  in  full  operation,  Mr.  Kennedy  used 
30,000  feet  of  air  per  minute,  and  maintained  1050°  with  the 
escaping  gas  at  the  chimney  at  350°. 

To  heat  this  enormous  volume  of  air  Mr.  Kennedy  was  obliged 
to  force  the  stoves  with  gas.  As  all  the  valves,  regenerators,  and 
chimneys  were  proportioned  for  20,000  feet  of  air  it  required  con- 
stant care  to  use  the  large  volume  of  gas  properly.  This  will 
explain  the  trouble  he  speaks  of.  The  two  new  twenty-foot  furnaces, 
"  D''  and  "  E,"  and  that  Mr.  Kennedy  is  now  building,  have  larger 
stoves,  with  better  regenerators  and  chimneys,  and  I  look  forward  to 
a  production  of  1500  tons  weekly  from  each  furnace. 

Note. — November,  1882.     The  "D"  and   "E"  furnaces  have  since  produced 
1825  tons. 


A]^  IMPBOYED  MINING  LAMP  FOR  ENGINEERS* 

BY  DR.    PEBSIFOR  FRAZER,   PHILADELPHIA. 

The  accompanying  diagrams  represent  a  lamp  provided  with  cer- 
tain improvements  which  render  it  more  serviceable  for  the  use  of 
the  engineer  or  other  mining  official  who  is  often  compelled  to  visit 
several  mines  a  day  remote  from  each  other,  and  may  be  called  on  to 
use  the  magnetic  needle  in  any  or  all  of  them. 

These  requirements  demand  that  the  material  of  which  it  is  made 
should  be  copper,  and  that  it  should  be  capable  of  being  closed  oil- 
tight,  for  emptying  and  refilling  the  lamp  at  each  mine  would  be  a 
less  expeditious  as  well  as  a  less  cleanly  process,  and  transporting  a 
lamp  of  the  ordinary  kind  over  rough  roads  on  horseback  or  in 
wagon,  would  result  in  sj)illing  the  greater  part  of  its  contents. 

The  general  form  of  the  lamp,  including  the  false  back  to  keep 

*  Eead  at  the  Virginia  Meeting,  May,  1881. 
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the  heat  from  the  head,  is  the  same  as  that  sold  for  some  years  by 
Pleller  and  Brightly. 


The  following  is  a  nearer  description  of  its  parts  : 

a.  Serew,  with  milled  head  and  flange,  opening  or  closing 

e.  Air-vent. 

c.  Cap,  fitting  on  a,  which  it  surrounds  loosely. 

i.  Collar,  to  give  bearing  to  screw  closing  air-vent. 
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/.  Ivarge  screw  cap  for  filling  lamp,  bearing  on 
w.  Washer  of  leather  or  rubber. 

0.  Ring  in  front  to  which  are  attached  chain  to  cap  and  chain  to 
t.  Trimming  needle. 

h.  Sheath  of  latter,  lying  between 
k.  False  back,  and 

1.  Main  body  of  lamp,  which  contains  the  oil. 
s.  Socket  between  k  and  /,*on  which  turns 

b.  A  piece  of  stout  brass  wire,  forming  at  the  upper  end  a  hook  for 
attachment  to  the  hat  or  projections  of  rock,  etc.  The  plane  of  this 
hook  is  at  right  angles  to  the  lower  end  of  the  wire,  which  forms  a 
spike  for  driving  into  "dig,"  timbers,  etc. 

r.  Collar  on  the  upper  j)art  of  6,  to  prevent  vertical  movement. 

g.  Cylindrical  brass  ring,  attached  to  the  upper  end  of 

n.  Conical  copper  spout. 

d.  Three  small  wire  points  inclined  u])wards  to  prevent  the  wick 
descending. 

The  writer  used  this  lamp  in  its  developing  stages  during  the  su- 
perintendence of  several  mines  in  Virginia,  which  were  remote  from 
each  other.  A  preliminary  note,  written  hastily  before  his  departure 
for  Europe,  iu  October,  1881,  was  kindly  interpreted  and  published 
by  the  Secretary  of  the  Institute.  Since  then  the  lamp  has  been  ex- 
amined and  favorably  criticised  by  the  writer's  friends  and  former 
professors  in  the  Mining  School  at  Freiberg,  Saxony,  at  which 
town  a  dozen  were  manufactured  by  one  of  the  best  tinsmiths  and 
sent  by  freight  to  Philadelphia,  in  order  to  test  the  comparative 
cost  of  manufacture  here  and  abroad. 

The  lamps  made  in  Freiberg  are  light,  weighing  about  seven  ounces 
each.     They  are  of  copper  fitted  with  brass. 

]\r.  Daubree,  member  of  the  French  Institute  and  director  of 
the  School  of  Mines  in  Paris,  expressed  also  a  favorable  opinion  of 
the  lamp. 
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Arrastres,  at  Batopilas,  Mexico.  294,  298. 

AsHBURNER,  Charles  A.,  The  Flannery  BoUer-setUng  for  the  Prevention  of  Smoke, 
123,  213. 

Assays  (see  also  Analyses)  of  silver  ores  from  Lake  Valley,  X.  M.,  434. 

Assaying  Silver  Bullion  (F.  C.  Blake),  241,  490.  Method  employed  at  the  Penn- 
sylvania Lead  Company's  Works — the  steam-bath,  490.  Shaking-engine,  492. 
Gay  Lussac  volumetric  assay,  493. 

Associates  changed  to  members,  6,  123,  238. 

Associates  elected,  6,  123,  238. 

Atkins,  the  Messrs.,  of  Potisville,  vs.  The  Edgemoor  Iron  Company,  400. 

Atlantic  area,  crystalline  rocks  of,  471-480. 

Atlas  powder,  used  to  remove  obstructions  in  the  blast  furnace,  207,  208. 

Available  Tonnage  of  the  Bituminous  Coal-fields  of  Pennsylvania  (Chance),  123,  144. 
Available  coal  defined,  144,  145.  Columnar  section  of  coal  measures,  145. 
Basis  of  calculation,  145,  147.  Division  of  the  coal  measures,  147.  Errors  of 
calculation,  147,  148.  Probable  increase  of  production,  149.  Upper  barren 
measures,  151.  Upper  productive  measures,  151.  Lower  barren  measures, 
152.  Lower  productive  measures,  152.  Conglomerate  series,  153.  Division 
by  counties,  155-161. 

Azurite  in  Ste.  Genevieve  County,  Missom-i,  449. 

Azogues  silver  ores,  Batopilas,  Mexico,  298,  299. 

Bachman   F.  E.,  Phosphorus  Deteminations  in  Pig  Iron  and  Steel,  241,  322. 

Balcony  Falls,  Virginia,  Green  Mountain  gneisses,  478. 

Bald  Mountain,  Black  Hills,  Dakota,  impregnation  of  gold  and  silver  ores,  474. 

Silver-lead  ores,  475. 
Bankart's  process  of  copper  extraction,  11. 
Banquet  given  by  the  Pennsylvania  Steel  Company,  126. 
Barnes,  P.,  The  Filtration  of  Water  for  Industrial  Purposes,  5,  112. 
Base  bullion,  refining  by  electricity,  312. 
Basic  steel  more  regular  than  ordinary  Bessemer  steel,  411. 
Batopilas,  Mexico,  the  new  mill  at,  293. 
Batteries.     See  Stamp-mills. 
Beck  Gold  Mine,  Xorth  Carolina,  476. 
Becker,  G.  F.,  study  of  the  Comstock  lode,  420. 
Bedded  ore-deposits.  Tombstone,  Arizona,  343. 
Behavior  of  Manganese  to  Carbon  (Ward),  240,  269.     An  account  of  the  production, 

in  1875,  of  gray  pig  iron  containing  16  per  cent,  of  manganese. 
Bell  and  hopper,  size  of,  211. 
Beloit,  Wisconsin,  Flannery  boiler-setting  at,  215. 
Bessemer  iron  ore  in  East  Tennessee,  481. 
Bessemer  process,  chemical  action  in,  408,  409. 
Bessemer  steel :  Effect  of  manganese  on  the  rolling  of,  302.     Silicon  necessary  to 

give  solid  ingots,  409.     Silicon  a  great  source,  of  irregularity,  408,  410.     Limits 

of  carbon,  silicon,  phosphorus,  sulphur,  and  manganese  in  rail-steel,  410.     Not 

80  regular  as  basic  or  Siemens  steel,  411. 
Binding  of  In-walls  of  Blast  Furnaces  {Cblxwe^et),  125,  221. 
Bituminous  coal :  In  Mexico,  270-272.     The  available  tonnage  in  Pennsylvania, 

144.    Statistics  of  mining  and  production  in  the  United  States,  149,  228. 
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Black-band  Iron  Ore  in  West  Virginia  (Sharples),  4,  80. 

Black  copper  :  Ore  Knob  process,  43,  44.     Containing  tellurium,  494. 

Black  Hills,  Dakota:  Discovery  of  gold,  87.     Occurrence  of  gold  and  silver,  465- 

475.     The  Father  de  Smet  gold  mill,  89-99. 
Black  Range  Mountains,  .Southern  New  Mexico,  440. 
Blacktail  gulch,  Blacktail  placer,  Black  Hills,  Dakota,  468,  472. 
Blake,  F.  C,  Test  Support  for  the  English  Oapellation  Furnace,  124,  220.     Assaying 

of  Silver  Bullion,  125,  490. 
Blake,  W.  P.,  The  Geology  and  Veins  of  Tombstone,  Arizona,  241,  334. 
Blake's  rock  breaker,  97. 

Blair,  A.  A.,  method  of  determining  manganese,  102,  107. 
Blair's  direct  process  of  iron  making,  287. 
Blast :  Volume  of,  for  blast  furnaces,  497,  498.     Comparison  of  fans  and  positive 

blowers,  482. 
Blastfurnaces:  Binding  of  in-walls,  221.  Use  of  high  explosives  to  remove  ob- 
structions in,  206.  New  furnaces  of  the  Edgar  Thomson  Steel  Company, 
495-498. 
Blasting :  Large  blasts  at  the  Glendon  limestone  quarry,  304.  Blasting  compounds 
used  at  Ste.  Genevieve,  Mo.,  456.  Blasting  compound  exhibited  by  A.  C.  Rand, 
123,  124. 

Blowers,  comparative  efficiency  of  fans  and  positive  blowers,  482. 

Blue-Monday  claim,  Tombstone,  Arizona,  344. 

Blue  Ridge,  Ya.,  477. 

Boiler-setting,  Flannery's,  for  the  prevention  of  smoke,  212. 

BOLLER,  A.  P.,  0/1  the  'Need  of  a  Natiomd  Board  for  Testing  Metals  of  Construction,  380. 

Boston  and  Colorado  smelting  works,  at  Argo,  436. 

Bowie,  A.  J.,  Jr.,  Notes  on  Gold  Mill  Construction,  5,  87. 

Brewer  gold  mine.  North  Carolina,  476. 

Bridge  specifications  of  the  New  York,  Lake  Erie  and  Western  Railroad,  377. 

Brodie,  W.  M.,  erection  of  Batopilas  mill,  302. 

Brosa  silver  ores,  Batopilas,  Mexico,  294,  298,  299. 

Brown  coal  in  Texas,  272. 

Brusher,  McCulloch  &  Co.'s  works,  Harrisburg,  137. 

Buck,  Stuart  M.,  Notes  on  the  Hard  Splint  Coal  of  the  Kanawha  Valley,  4,  81. 

Buckeye  location.  Black  Range  Mountains,  N.  M.,  441. 

Buhrstone  in  Alabama,  322. 

Bullion :  Assaying  of  silver  bullion,  490.     Refining  of  base  bullion  by  electricity, 

312. 
Bureau  of  Printing  and  Engraving,  AVashington,  visit  to,  245. 
Bursting  of  gun  from  Fort  Pitt  foundry,  404. 

Cabot,  J.  W.,  Note  on  Manganese  in  Besseiner  Rail-steel,  241,  302.     Discussion  of 

Chemical  Methods  for  Analyzing  Bail-steel,  189. 
Cannel  coal  in  West  Virgina,  its  relation  to  splint  coal,  84. 
Cambrian  rocks  in  the  Atlantic  area,  479,  480. 
Car  manufacturing  works,  Harrisburg,  134. 
Carbon :  Determination  in  steel,  164,  178, 189,  192,  196,  200.     Its  relation  to  man- 

ganese  in  i>ig  iron,  269.     Limits  in  Bessemer  rail-steel,  410. 
Carbonate  Hill,  Leadville,  Colorado,  416,  417,  418. 
Carlisle,  Pa.,  visit  to  Indian  school,  124. 
Carlisle  iron  works,  visit  to,  124. 
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Casualties  in  anthracite  coal-mines,  from  1871  to  1880,  67. 

Central  Iron  Works,  visit  to,  124,  133. 

Central  gold  mines.  Black  Hills,  Dakota,  466. 

Chain  works,  Harrisbnrg,  135. 

Chalcocite,  in  Ste.  Genevieve  County,  Mo.,  449. 

Chalcopyrite :  At  Ore  Knob,  N.  C,  57.     In  Ste.  Genevieve  Caunty,  Mo.,  449. 

Challenge  self-feeders,  296. 

Chance,  H.  M.,  An  Analys<h  nf  the  Casualties  in  the  Anthracite  Coal-mines,  from  1871 
to  1880,  5,  67.  The  Available  Tonnage  of  the  Bituminous  Coal-fields  of  Pennsylvania, 
f23,  144. 

Chanute,  O.,  remarks  in  the  Discussion  on  Iron  and  Steel  considered  as  Structural 
Materials,  375. 

Charcoal :  Remaining  in  the  bosh  of  a  blast  furnace  for  two  years,  211.  At  Ore  Knob, 
North  Carolina,  31. 

Chauvenet,  S.  H.,  Industries  of  Harrisburg,  123,  129.  The  Binding  of  the  In-wall s  of 
Blast  Furnaces,  125,  221. 

Chemical  analysis.     See  Analytical  Methods  and  Analyses. 

Chemical  analyses  in  specifications  and  testing  of  iron  and  steel,  406,  407. 

Chemical  Methodsfor  Analysing  Bail-steel  (Troilius),  124, 162.  Introduction  by  C.  P. 
Sandberg,  162.  Useful  appliances,  163.  Carbon  determination,  164.  Phos- 
phorus determination,  166.  Silicon  determination,  172.  Manganese  determi- 
nation, 173.  Sulphur  determination,  177.  Appendix:  Color  test  for  carbon, 
by  Eggertz,  178.  Discussion :  By  A.  Farrell  and  J.  Gayley,  J.  W.  Cabot, 
F.  P.  Dewey,  J.  B.  MACKrNXOSn,  B.  B.  Wright,  and  F.  A.  Emmerton. 

Chesapeake  and  Ohio  Railway,  special  trains  provided  by,  7,  8. 

Chesapeake  nail  works,  Harrisburg,  visit  to,  124,  133. 

Chihuahua,  Mexico,  the  new  mill  at  Batopilas,  293. 

Chimney  Draught  (Frazieb),  241,  249.  A  mathematical  discussion  of  the  chimney 
as  a  heat  engine. 

Chispeado  silver  ores,  Batopilas,  Mexico,  294,  298,  299. 

Chlorination  of  copper  ores,  11,  et  seq. 

Chromium,  effect  on  the  color-test  for  carbon,  185. 

ChrysocoUa:  Decomposed  by  a  hot  solution  of  ferrous  chloride  and  common  salt, 
12.     Occurrence  in  Ste.  Genevieve  County,  Mo.,  450. 

Clarke,  T.  C,  remarks  in  the  Discussion  on  Iron  and  Steel  considered  as  Structural 
Materials,  374. 

Clandet's  method  of  precipitating  silver  from  solution,  14. 

Clavo  silver  ores,  Batopilas,  Mexico,  298,  299. 

Clay,  fireclay  in  Alabama,  322. 

Coal  (see  also  Anthracite,  Bituminous  Coal,  Brown  Coal,  etc.") :  Occurrence  in 
Mexico,  238.  Near  the  Oscuras  Mountains  in  Southern  New  Mexico,  427. 
Near  San  Antonio,  Texas,  272.  Prevention  of  smoke  in  the  Flannery  boiler- 
setting,  212.     Splint  and  cannel  coal  of  tlie  Kanawha  Valley,  Va.,  81,  84. 

Coalburg,  Va.,  visit  to,  8. 

Coal-fields  of  Pennsylvania,  available  tonnage  of  the  bituminous,  144. 

Coal-mines,  casualties  in  anthracite  mines,  from  1871  to  1880,  67. 

Coals  in  Mexico— Sxnta  Rosa  District  (Adams),  238,  270.  Occurrence  of  coal  in 
Mexico  near  the  Rio  Grande,  270.  Geology  of  the  region,  271,  272.  Occur- 
rence of  silver  ores,  271.  Character  of  the  coal,  272.  Brown  coal,  272.  Map 
of  Northern  Mexico,  273. 

Cobalt  and  nickel,  association  with  copper,  64;  with  copper  ores,  19,  23. 
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Cobalt,  effect  on  tlie  color-test  for  carbon,  185. 

Colebrook  furnaces.  Pa.,  visit  to,  126. 

Gollections  of  the  Institute  in  Memorial  Hall,  transfer  authorized,  243. 

Color-test  for  carbon  in  steel,  164,  178,  l89,  192,  200. 

Colorado:  Geology  and  mining  industry  of  Leadville,  416,  420.  Ores  of  tellurium, 
494. 

Colossal  location.  Black  Range  Mountains,  New  Mexico,  441. 

Columbia  claim,  Lake  Valley,  New  Mexico,  429. 

Combustion  regulated  to  prevent  smoke,  212-219. 

Comparative  Efficiency  of  Fann  and  Positive  Blowers  (Howe),  238,  482.  An  experi- 
mental study  of  the  power  consumed  in  delivering  a  unit  of  blast  by  Baker  and 
Root  blowers  and  by  Hawkins  and  Sturtevant  fans. 

Compression  members  ibr  structures,  375-377. 

Comstock  lode :  Study  of,  by  G.  F.  Becker,  420.  Eckart's  report  on  mechanical 
appliances  in  mining  and  milling,  420. 

Concussion  or  impact  test  for  steel,  384,  406,  407. 

Connecticut  iron  ore  mines,  valuation  of,  289. 

Contention  mine  and  claim,  Tombstone,  Arizona,  338. 

Contributions  to  the  Metallurgy  of  Nickel  and  Copper  (EusTis  and  Howe),  241,  305. 
Thompson's  process  for  the  extraction  of  nickel  from  its  ores,  305.  Magnetic 
process  for  sulphuretted  copper  ores,  306.  Electrolytic  method  for  separating 
nickel  and  other  metals,  307. 

Cope,  Professor  E.  D.,  on  the  geological  horizon  of  Lake  Valley,  New  Mex'ico,  430. 

Copper  :  Allotropic  copper,  57,  62.  Alloys  of  copper,  394.  Analyses  of,  44,  50,  51, 
54,  59-62,  494.  Coating  for  steel  wires,  317.  Clommercial  impurities  of  copper 
and  their  eflect  on  its  physical  properties,  63,  64.  Efiect  on  the  color  test 
for  carbon,  185.  Electrolytic  determination  of  copper,  57,  67.  Refining  by 
electricity.  312,  315,  317.  Separation  of  silver  from  copper  in  solution,  13  et 
sei}.     Statistics  of  mining  and  production,  229. 

Copper  mattes  at  Ore  Knob,  North  Carolina,  34,  35. 

Copper  matte  containing  tellurium,  494. 

Copper  ores :  Deposits  at  Ore  Knob,  North  Carolina,  character  and  treatment,  25  el 
seq.  In  Ste.  Genevieve  County,  Missouri,  444-456.  (Jf  Southern  New  Mex- 
ico, 427. 

Copper  ores :  Treatment  in  the  wet  way — Hunt  &  Douglas's  processes,  11-25,  27,  56. 
Smelting  at  Ore  Knob,  North  Carolina,  25-55.  Magnetic  process  for  sulphu- 
retted copper  ores,  306. 

Copper  slags  at  Ore  Knob,  North  Carolina,  38,  39,  45,  47. 

Cornwall  OrO  Banks,  Pennsylvania,  visit  to,  126.  Hospitality  of  the  Cornwall  Ore 
Bank  Company,  12(). 

Cornwall  Copper  Mines,  Ste.  Genevieve  Comity,  Missouri,  445-448,  454-456. 

Cost  of  Ore  Knob  Copper  process:  Of  mining,  28,  29.  Of  furnaces,  3(5.  Of  smelt- 
ing and  refining,  41,  43,  45,  53,  54,  55.     Cost  of  provisions,  31. 

Cost  of  mining  copper  ores  in  Ste.  Genevieve  County,  Missouri,  455,  456.  Cost  of 
provisions,  455. 

(yost  of  stamp-mill  at  Batopilas,  Mexico,  301. 

Council:  Election  of,  244.  Report  of,  242.  Submits  resolutions  on  transfer  of 
collections,  243. 

Cowper  hot-bhist  stoves  at  tiie  Edgar  Tliomson  Furnaces,  495. 

Grasses  in  refining  pig  copper  at  Ore  Knob,  48. 

Crescent  claim.  Lake  Valley,  New  Mexico,  429. 
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Crystalline  Eocks  of  Virginia,  compared  with  those  of  New  England  (Hitchcock)  241, 
477.  Similarity  of  geographical  position,  477.  Gigantic  overturns  the  cause 
of  erroneous  views,  477,  478.  Order  of  the  crystalline  series,  478.  The  Green 
Mountain  gneisses,  478.  Huronian,  Cambrian,  and  Laurentian  rocks,  479, 
480. 

Cumberland  Valley  Kailroad,  special  train  provided  by,  124. 

Cupellation  furnace,  test  support  for,  220. 

Cuprite  in  Ste.  Genevieve   County,  Missouri,  449. 

Dakota  :  Gold  and  silver  in  the  Black  Hills,  87, 465,  475  ;  the  Father  de  Smet  stamp 

mill,  89-99. 
Danks-Bouvard  puddling-furnace,  character  of  iron  produced  by,  286. 
Dant  or  mother  coal,  85. 

Davis's  Creek,  West  Virginia,  black-band  iron  ore,  80. 
Deadwood,  Black  Hills,  87. 
Deadwood  Gulch,  471-473. 
Deadwood  Placer,  472-473. 
Deane  steam-pump,  297. 
Defence  Claim,  Tombstone,  Arizona,  343. 
Descloizite,  at  Socorro,  New  Mexico,  444. 
Determination:   Of  carbon,  copper,  phosphorus,  etc.      See  under  the  respective 

elements. 
Developments  in  the  Siemens  direct  process,  274. 
Devereux,  Walter  B.,   The  Occurrence  of  Oold  in  the  Fotsdam  Formation,  Black 

Hills,  Dakota,  241,  465. 
Dewey,  F.  P.,  The  Rich  Hdl  Iron  Ores,  4,  77.     Note  on  the  Falling  Cliff  Zinc  Mine, 

4,  111.     Discussion  of  Chemical  Methods  of  Analyzing  Bail-steel,  192. 
Dies  in  stamp  batteries,  95. 
Direct  process  of  iron  making:  Siemens's  process  at  Pittsburgh  and  Landore,  271- 

284 ;  economy  doubted,  286.      Blair's  process,  287. 
Dividends  of  Tombstone  mine  and  mills,  335. 
Dragoon  Mountains,  Arizona,  334. 
Draught  of  chimneys,  249. 

Drawing — Instruments  for  Projection  Drawing,  261. 
Drift  Hematite  Deposits  in  East  Tennessee  (Nichols),  241,  480.     Deposit  of  James 

County,  480.     Topography  and  geology,  480.     Character  of  the  ore,  anal}^es, 

481.     Freedom  from  phosphorus  of  the  drift-ore,  481. 
Drown,  T.  M.  and  Muhlenberg,  N.  H.    On  the  Solution  of  Big-Iron  and  Steel  for  the 

Determination  of  Phosphorus,  5,  85,  329. 
Drown,   T.  M.  and  Shimer,   P.  W.     The  Analysis  of  Iron   Ores  containing  both 

Phosphoric  and  Titanic  Acids,  124,  137. 
Drown,  T.  M.     Methods  for   determining  manganese,   107,  silicon,  194,  200,  325, 

sulphur,  189,  194.     Separation  of  silica  in  phosphorus  determinations,  327. 
Dudley,  C.  B.     Method  of  determining   manganese,  109. 

Eagle  W^orks,  Harrisburg,  135. 

Eckart,  W.  K.,  report  on  mechanical  appliances  used  in  mining  and  milling  on  the 

Comstock,  421. 
Edgar  Thomson  furnaces  and  hot-blast  stoves,  495-498. 
Edgemoor  Iron  Company  vs.  The  Messrs.  Atkins,  of  Pottsville,  400. 
Efficiency  of  fans  and  positive  blowers,  482. 
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Eggertz:  Method  for  determining  carbon  (color-test),  164,  178,  189, 192,  200;  man- 
ganese, 175;  phosphorus,  1G8,  169,  171  ;  sulphur,  177. 

Egleston,  T.,  Investigations  on  the  Ore  Knob  Copper  Process,  3,  25.  Presence  of  Tel- 
lurium in  Copper,  125,  493.  Remarks  in  the  discussion  on  the  FAectrolytic  de- 
termination of  Copper,  62,  and  in  the  discussion  on  Iron  and  Steel  considered  as 
Structural  Materials,  390. 

Election  of  Members  and  Associates:  Virginia  Meeting,  5,  6.  Harrisburg 
Meeting,  121,  123.     Annual  (Washington)  Meeting,  236-238. 

Election  of  officers,  244. 

Electric  light  in  mines  and  mills,  310,  315.     Pollution  of  atmosphere  by,  315. 

Electric  motors  in  mining,  310. 

Electrical  Apparatus  and  Processes  for  the  Mining  and  Metallurgical  Engineer  (Keith), 
240,  309.  The  call-bell,  309.  Telephone,  309.  Electric  light,  310.  Electric 
motors,  311.  Electric  generators  and  general  uses  of  the  current,  311.  Refin- 
ing copper  and  separating  gold  and  silver,  312.  Refining  and  desilverizing 
base  bullion,  312.  Melting  by  electricity,  313.  Storage  of  electricity,  313- 
315.  Discussion.  Professors  Thompson  and  Silliman,  and  Messrs.  May- 
NARD  and  Howe. 

Electrolytic  Determination  of  Copper  and  the  Formation  and  Composition  of  so-called 
Allotropic  Copper  (Mackintosh),  3,  57.  Luckow's  process,  57.  Analysis  of  the 
copper  deposited  by  Luckow's  process,  59-61.  Resembles  Schutzenberger's  al- 
lotropic copper,  59,  61,  62.     Discussion.     Dr.  Egleston  and  Mr.  Sharples. 

Electrolytic  method  of  separating  nickel  and  other  metals  on  the  large  scale,  307. 
Refining  of  copper  and  separation  of  gold  and  silver,  312.  Refining  and  desil- 
verizing base  bullion,  315. 

Elliott's  method  of  determining  sulphur  in  iron  and  steel,  201. 

Emery,  A.  H.,  builder  of  the  United  States  testing-maching,  385. 

Emery,  C.  E.,  device  for  overcoming  packing  friction,  364. 

Emmerton,  F.  a.,  discussion  of  Chemical  Methods  of  Analyzing  Rail-Steel,  200. 

Emmons,  S.  F.,  The  Mining  Work  of  the  United  States  Geological  Survey,  241,  412. 

English  cupellation  furnace,  test  support  for,  220. 

Engineer's  mining  lamp,  498. 

Eozoic  rocks  in  the  Middle  and  Northern  States,  477. 

Estimation  of  carbon,  copper,  etc.,  etc.     See  under  the  respective  elements. 

Eureka  District,  Nevada,  geological  study,  by  A.  Hague,  421. 

Eureka  rubber  in  stamp  mills,  97. 

Eurich's  shaking  engine  for  volumetric  silver  assay,  492. 

EusTis,  W.  E.  C,  and  Howe,  H.  M.  Contributions  to  the  Metallurgy  of  Nickel  and 
Copper,  241,  305. 

Excursions:  Of  the  Virginia  Meeting,  7,  8.     Of  the  Harrisburg  Meeting,  124,  126. 

Explosions  in  anthracite  coal  mines  from  1871  to  1880,  67. 

Explosives  used  at  the  Ste.  Genevieve  Copper  Mines,  456.  Use©f  liigli  explosives 
in  the  blast  furnace,  206. 

Factor  of  safety,  381,  393. 

Falling  Cliff  Zinc  Mine  (Dewey),  4,  111.  Description  of  the  mine  and  analyses  of 
the  ore. 

Fans,  comparative  efficiency  of  fans  and  positive  blowers,  482. 

Farrki.l,  Austin,  and  (tAYi.ey,  James,  discussion  of  Chemicnl  Mcthodn  of  Analyz- 
ing Rail-steel,  187. 

Father  de  Smet  gold  mill  in  tlie  Black  Hills,  89-99. 
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Fatigue  of  metals,  393. 

Faults  in  mineral  veins,  Hoefer's  method  of  determining,  456. 

Fay,  Dr.  T.,  analyses  of  Ste.  Genevieve  copper  ore,  444. 

February  (Annual)  meeting;  Proceedings  of,  225;  Papers  of,  247. 

Feeders  in  stamp  mills,  97,  296. 

Ferrol,  Va.,  visit  to,  7. 

Ferro-manganese,  production  in  the  blast  furnace,  269. 

Filtration  of  Water  for  Industrial  Purposes  (Barnes),  5, 112.  A  discussion  of  the  means 
and  apparatus  necessary  for  the  mechanical  purification  of  water  for  use  in 
boilers,  etc. 

Firebrick  works,  Harrisburg,  136. 

Fireclay  in  Alabama,  322. 

Fire-damp  explosions  in  anthracite  coal  mines  from  1871  to  1880,  67. 

FiRMSTONE,  F.,  Notes  on  the  Lari/e  Blasts  at  the  Glendon  Limestone  Quarry,  241,  304. 

Flannery,  Boiler-setting  for  the  Prevention  of  Smoke  (  Ashburner),  123,  213.  Numer- 
ous devices  for  the  prevention  of  smoke  of  furnaces,  213.  Theoretically  perfect 
combustion,  213.  Description  of  furnace,  215-218.  Action  of  the  furnace,  218. 
Practical  results  obtained,  219. 

Fort  Pitt  foundry,  bursting  of  gun  from,  404. 

Fort  Stanton,  New  Mexico,  copper  ores,  427. 

Fortieth  Parallel  Survey,  412. 

Frazer,  Persifor,  Improved  Alining  Lamp  for  Engineers,  5,  498. 

Frazier,  B.  VV.,  On  Chimney  Draught,  241,  219. 

Frue  Vanners,  295,  297,  298,  302. 

Fryer  Hill,  Leadville,  416-418. 

Fuel,  prevention  of  smoke  in  the  Flannery  boiler-setting,  212-219. 

Fuller,  J.  C,  hospitality  at  Pine  Grove,  124. 

Furnaces :  Flannery  furnace,  202.  Use  in  copper  smelting  and  refining  at  Ore 
Knob,  34  et  seq. 

Gabb's  report  on  the  topography  and  geology  of  Santo  Domingo,  346-351. 

Gage,  J.  R.,  geology  of  the  Ste.  Genevieve  copper  deposits,  447. 

Gauley  River,  W.  Va.,  black-band  iron  ore,  80,  81. 

Gayley,  James,  discussion  of  Chemical  Methods  of  Analyzing  Rail-steel,  187. 

Gay  Lussac's  volumetric  assay  for  silver,  491-493. 

Geological  modelling,  204. 

Geological  Survey  of  the  United  States,  232.  See  also  Mining  Work  of  the  United 
States  Geological  Survey. 

Geology  and  Veins  of  Tombstone,  Arizona  (W.  P.  Blake),  241,  334.  Location  of 
Tombstone,  234.  Early  settlement,  334,  335.  Production  of  mines,  335. 
Geology  of  the  district,  335.  The  Contention  mine,  character  of  the  dike, 
337-340.  Gold  in  porphyry,  340.  Metallization  of  the  dike,  340.  Bedded  ore 
deposits,  343. 

Geology  :  Of  Lake  Valley,  New  Mexico,  430,  436,  439.  Of  the  oil  regions  of  Penn- 
sylvania and  New  York,  356.  Of  the  Rich  Hill  iron  deposit,  77.  Of  San  Do- 
mingo, 346-353.  Of  the  Santa  Rosa  district,  Northern  Mexico,  271,  272.  Of 
the  Ste.  Genevieve  copper  deposits,  446,  456. 

Geology  :  Importance  to  the  mining  engineer  of  an  accurate  knowledge  of  the  geol- 
ogy of  a  mining  region,  414-420.  See  also  Mining  Work  of  the  United  States 
Geological  Survey. 

Giant-powder  used  at  the  Ste.  Genevieve  copper  mines,  456. 


INDEX.  500 

Gibbs's  method  for  deterniining  copper  by  electrolysis,  65. 

Gird,  Richard,  made  first  locations  at  Tombstone,  Arizona,  334. 

Glcndon  limestone  quarry,  large  blasts  at,  304. 

Glukodine,  used  at  Ste.  Genevieve  copper  mines,  456. 

Gneisses  of  tlie  Atlantic  area,  tiieir  relation  to  tlie  Silurian  groups,  477,  478. 

Gold  in  the  Potsdam  Formation,  Black  Ililh,  Dakota  (Dkvereux),  241,  4(35.  Study 
of  the  Ilomestake  Vein,  466.  Occurrence  of  gold  in  tiie  conglomerate  both  as 
a  mechanical  and  cliemical  constituent,  466,  467.  Geological  sketch  of  the  re- 
gion, 467,  468.  Richness  of  ore,  468.  Oxide  of  iron  the  cementing  material, 
469.  Fineness  of  the  gold,  469.  Content  of  silver,  470.  Cement  gold,  471. 
Deposition  of  gold  in  talcose  schist,  471.  Concentration  of  gold  in  the  Dead- 
wood  Gulcli  placer,  471,  472.  Cement  gold  well  adapted  to  stamp-mill  treat- 
ment, 472.  Hammering  gold  by  stamps  does  not  prevent  it  from  amalgamat- 
ing, 472.  Resume,  473.  Bald  Mountain,  impregnation  of  gold  and  silver  ores, 
473,  474.     Argentiferous  lead  ores,  475. 

Gold  in  copper  ores  of  the  South,  56. 

Gold  in  porphyry,  Tombstone,  Arizona,  340. 

Gold,  separation  in  working  copper  ores,  11  et  scq. 

Gold,  widely  distributed  in  North  Carolina,  peculiarities  of  occurrence,  475. 

Gold  and  silver  ores  and  mines  of  Tombstone,  Arizona,  334-345. 

Gold  and  silver  separated  from  copper,  lead,  and  zinc  by  electrolysis,  312,  315,  317. 

Gold  Fields  of  the  Southei-ii  Portion  of  the  Island  of  San  Domingo  (Rothwkll),  241, 
345.  Romantic  liistory  of  this  district,  345.  Tribute  of  gold  from  natives  un- 
der Spanish  domination,  345.  Production  of  gold  never  very  large,  346.  Dr. 
Gabb's  report  "  On  the  Topography  and  Geology  of  Santo  Domingo,"  346. 
Origin  of  the  gold-bearing  gravels,  351.  Ancient  works  of  the  Indians,  332. 
Tests  of  the  gravels,  352.  Gravel-beds  of  no  great  value,  352.  Quartz  veins 
probably  of  no  commercial  value,  353.  Obstacles  to  mining  in  climate,  labor, 
and  government,  etc.,  354. 

Goodenoiigh  Claim,  Tombstone,  Arizcma,  336,  337,  342-344. 

Gorringe,  Lieut.  Henry  H.,  gift  to  the  Institute  of  specimens  from  the  New  York 
obelisk,  6,  7. 

Government  aid  in  testing  metals  used  in  construction,  361-411,  379,  384,  390,  395, 
402,  403. 

Grace  Furnace  at  Ferrol,  Va.,  visit  to,  7. 

Grand  Central  Claim,  Tombstone,  Arizona,  337. 

Grass,  Simon,  discovered  copper  ores  in  Ste.  (ienevieve  County,  Mo.,  444. 

Great  Master  Lode,  Black  Range  Moiintain.s,  New  Mexico,  442. 

Green  Mountain  gneisses,  477,  478. 

Grizzlies  in  stamp  mills,  97. 

Guyard,  A.,  monograi)h  on  Leadville  smelting,  421. 

Hagan's  Peak,  Ilagan's  Lode,  Black  Range  Mountains,  New  ISIexico,  441. 
Hague,  A.,  on  the  geological  horizon  of  Lake  Valley,  New  Mexico,  430.     Study  of 

the  Eureka  district,  Nevada,  421. 
Hard-splint  Coal  of  the  Kanawha  Valley  (Buck),  4,  81.     Meaning  of  "splint"  in 

West  Virginia,  81.     The  Coalburgh  seam,  82.     Preparation  of  tlie  coal    for 

market,  83.     Interesting  (piestions  suggested  by  the  occurrence  of  this  coal, 

84,  85. 
Harden,  O.  B.,  Tdpof/raphical  and  Gedtogind  Modiilinr/,  241,  264. 
Harris,  J.  S.,  Report  on  the  Reading  Coal  and  Iron  Company's  property,  147,  161. 
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Harris,  O.  D.,  owner  of  the  Cornwall  copper  mines,  Missouri,  444,  44i. 

Harris,  Rozier  &  Co.  lease  the  Ste.  Genevieve  copper  mines,  445,  447. 

Harrisburg,  Pa.,  industries  of,  129. 

Harrisburg  Car  Manufacturing  Company's  Works,  124,  134. 

Harrisburg  cotton  mill,  137. 

Harrisburg  chain  works,  135. 

Harrisburg  fire})rick  works,  13G. 

Harrisburg  nail  works,  132. 

Harrisburg  steam-boiler  works,  136. 

Harrisburg  meeting:  Proceedings  of,  119.     Papers  of,  127. 

Hartman,  J.  M.,  Discussion  of  Hot-blast  Stoves  at  the  Edgar  Thomson  Furnaces,  497. 

Hawkins  fan,  efficiency  of,  482,  490. 

Hawk's  Nest,  W.  Va.,  visit  to,  8. 

Hayden's  Survey,  discontinued  on  the  establishment  of  the  United  States  Geologi- 
cal Survey,  412. 

Head  Centre  Mine,  Tombstone,  Arizona^  338,  342. 

Hematite  drift  deposits  in  James  County,  East  Tennessee,  480. 

Henderson's  process  of  copper  extraction,  11. 

Hendy's  patent  self-feeders  in  stamp  mills,  97. 

Herzog  copper  mine,  Ste.  Genevieve  County,  Missouri,  445. 

Hewitt,  G.  W.,  fineness  of  bullion,  Black  Hills,  470. 

High  explosives  used  to  remove  obstructions  in  the  blast  furnace,  206. 

Hitchcock,  C.  H.,  the  Crystalline  Rocks  of  Virginia  Compared  with  those  of  Xew 
England,  241,  477. 

Hitchcock,  "Wilson  &  Co.  work  the  Ste.  Genevieve  copper  deposit,  445. 

Hocking  Valley,  Ohio,  analysis  of  black-band  ore,  81. 

Hoefer's  Method  of  Determining  Faults  in  Mineral  Veins  (Raymond),  241,  456. 

Hoi  ley  memorial  session  at  the  "Washington  meeting,  238. 

Homestake  vein,  Black  Hills,  Dakota,  466-468,  470-473. 

Hut-blast  Stoves  at  the  Edgar  Thomson  Furnaces,  "D"  and  "E"  (Kennedy),  124, 
495.  Objections  to  the  earlier  forms  of  Cowper  stoves,  495.  Construction  of 
the  Edgar  Thomson  stoves,  496,  497.     Discussion.     Me.  J.  M.  Hartman. 

Howe,  H.  M.,  On  the  Comparative  Efficiency  of  Fans  and  Positive  Bloicers,  238,  482. 

Howe,  H.  M.  and  ErSTis,  W.  E.  C,  Contributions  to  the  Metallurgy  of  Xickel  and 
Copper,  241,  305. 

Hunt,  T.  Steery,  The  Hydrometallurgy  of  Copper  and  its  Separation  from  the  Fre- 
cious  Metals,  4,  11. 

Hunt  &  Douglas's  methods  of  copper  extraction,  12,  16,  23,  27. 

Huronian  rocks  in  the  Atlantic  area,  478,  480. 

Hydraulic  cement  pipe  works  at  Harrisburg,  Pa.,  136. 

Hydrometallurgy  of  Copper  and  its  Separation  from  the  Previous  Metals  (Hunt),  4,  11. 
Description  of  three  classes  of  wet  processes  for  the  extraction  of  copper  from 
its  ores,  11.  Methods  for  the  separation  of  silver  from  copper  when  present 
together  as  chlorides,  12-15.  Character  of  copper  ores  suitable  for  treatment 
by  roasting  with  salt,  15.  New  wet  process  applicable  to  ores  and  furnace  pro- 
ducts, containing,  besides  copper — gold,  silver,  arsenic,  antimony,  and  lead, 
16-23.  Appendix  I.,  Presence  of  cobalt  and  nickel  in  copper  ores,  23.  Ap- 
pendix II.,  Solubility  of  chloride  of  silver  in  chloride  of  sodium,  24. 

Impact  or  concussion  test  for  steel,  384,  406,  407. 

Imperial  location,  Magdalena  Mountains,  New  Mexico,  426. 
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Indian  school  at  Carlisle,  Pennsylvania,  visit  to,  12-1. 

Industries  of  Harrisburg  (Chauvenet),  123,  129.  Pennsylvania  Steel  Company, 
129.  Lochiel  KoUing-mill  Company,  132.  Ironworks  of  the  McCormick  Es- 
tate, 132.  Chesapeake  Nail  Works,  133.  Central  Iron  Works,  133.  Har- 
risburg Car  Manufacturing  Company,  134.  Wister  Blast  Furnaces,  134. 
Louise  Furnace,  134.  Hummel,  Fendrick  &  Co.,  135.  Jackson  Manufac- 
turing Company,  135.  Harrisburg  Chain  Works,  135.  Eagle  Works,  135. 
Harrisburg  Steam-boiler  Works,  136.  J.  D.  Marshbank  &  Son's  Works,  136. 
Harrisburg  Firebrick  Works,  136.  Hydraulic  Cement  Pipe  Works,  136. 
Harrisburg  Cotton-mill,  137.     Brusher,  McCuUough  &  Co.,  137. 

Instruments  for  Projection  Drawing  (J.  M.  Silliman),  241,  261. 

Investigations  on  the  Ore  Knob  Copper  Process  (Egleston),  3,  25.  Situation  of  the 
Works,  25.  Character  of  vein,  25,  26.  Method  of  mining,  26.  Character  of 
the  ore,  27,  28.  Cost  of  mining,  28,  29.  Arrangement  of  metallurgical  works, 
29,  30.  Wood  and  charcoal,  30.  Price  of  provisions,  31.  Description  of 
metallurgical  process— Koasting  tlie  ore,  32.  Analyses  of  roasted  ore,  33.  Fu- 
sion for  mattes,  34.  Cost  of  roasting  furnaces,  36.  Analyses  of  matte  and 
slags,  38.  Slag  pots,  39.  Cost  of  roasting  for  matte,  41.  Roasting  the  single 
mattes,  41.  Cost  of  roasting  matte,  43.  Fusion  for  black-copper,  43.  Analyses 
of  black -copper,  44.  Cost  of  smeltipg  roasted  mattes,  45.  Treatment  of  sala- 
manders, 45.  Eefining  pig  copper,  46.  Crasses,  analyses,  48,  49.  Testing  of 
the  copper,  49,  50.  Presence  of  silver,  50,  51.  Casting  into  ingots,  50,  52. 
Cost  of  refining,  53.     R(?sum^  of  cost,  55. 

In-walls  of  blast  furnaces,  binding  of,  221. 

Iron  (see  also  Pig  Iron  and  Wrought  Iron).  Siemens  direct  process  in  Pittsburgh 
and  Landore,  271-284.     Iron  made  at  the  Danks-Bouvard  puddling  furnace, 

1:86. 

Iron  and  Steel :  Necessity  of  having  history  of  manufacture,  403,  404.  Produc- 
tion in  the  United  States,  382.  Specifications  for,  399.  T:See  Testing  of  Iron 
and  Steel.) 

Iron  and  Steel  considered  as  Structural  Materials— A  Discussion.  Papers  and  Re- 
marks, by  AsHBEL  Welch,  Charles  Macdonald,  General  Meigs,  Cap 
TAIN  Lyle,  E.  D.  Leavitt.  Jr.,  T.  C.  Clarke,  O.  Chanute,  A.  P.  Boller, 
Dr.  Egleston,  G.  S.  Morison,  Percival  Roberts,  Jr.,  William  Metcalf, 
and  C.  P.  Saxdberg. 

Iron  Hill,  Leadville,  416,  418. 

Iron  Ores:  Black-band  ore  in  West  Virginia,  80,  81.  Drift  iiematite  deposits  in 
James  County,  East  Tennessee,  480.  Lake  Valley,  New  Mexico,  432.  Rich 
Hill,  in  Southwestern  Virginia,  77-79.  Statistics  of  mining  and  production,  229. 

Iron  Ores,  Method  of  analysis,  when  containing  both  phospiioric  and  titanic  acids, 

137. 

Iron-ore  Mines  in  New  Jersey,  New  York,  valuation  of,  cost  of  ore  per  ton,  dura- 
tion of,  etc.,  288. 

Iron  Works  of  the  McCormick  Estate,  132. 

Ivanhoe  Mine,  Black  Range  Mountains,  N.  M.,  441,  442. 

Jackson  Manufacturing  Company's  Works,  135. 

Jardine  and  Ciiadwick's  metliod  of  precipitating  silver  from  solution,  14. 

Jokerst  Leon  discovers  the  Swansea  copper  mine,  Ste.  Genevieve  County,  Mo.,  445. 

Jones  gold  mine,  North  Carolina,  476.  , 

Juniata  location,  Magdalena  Mountains,  N.  M.,  425. 
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Kanawha  (West  Virginia,),  splint  coal,  81. 

Kaolin,  in  Alabama  and  Georgia,  analyses  of,  321,  322. 

Keith,  N.  S.,  Electrical  Apparatus  and  Processes  for  the  Mining  and  Metallurgical 

Engineer,  240,  309. 
Kelley  locauon,  Magdalena  Mountains,  N.  M.,  426. 
Kent,  William,  Manganese  Determinations  in  Steel,  4,  101. 
Kexxedy,    Juliax,    Hot  Bhist  Stoves   at    the  Edgar  Thomson  Furnaces,  "  D "   & 

"£■,"124  495. 
Kerr,  W.  C,  Some  Peculiarities  in  the  Occurrence  of  Gold  in  North  Carolina,  240,  475. 
King,  Clarence,  first  director  of  the  United  States  Geological  Survey,  412,  413,421. 
King's  Mountain  Gold  Mine,  North  Carolina,  475. 
Kohinoor  claim.  Lake  Valley,  N.  M.,  429. 

Laboratory  appliances,  163,  164,  490,  492. 

Laidley,  T.  T.  S.,  on  the  use  of  the  U.  S.  testing  machine  at  Watertown  arsenal,  370. 

Lake  Valley,  New  Mexico,  locality,  topography,  geology,  mineralogy,  mines,  and 
ores,  and  their  metallurgical  treatment,  428-440. 

Lake  Superior,  copper  district,  production,  229. 

Lamp,  mining,  for  engineers,  498. 

Landore,  Siemens  direct  process  at,  280,  281. 

Large  Blasts  at  the  Glendon  Limestone  Quarry  (Firjistone),  241,  304,  A  com- 
parison of  the  system  of  large  blasts  with  the  formerly-used  method,  as  to  cost, 
yield,  etc. 

Late  Dei'elopments  in  the  Sitmens  Direct  Process  {MA"iXARD),  240,  271.  Quotation 
from  Dr.  Siemens's  paper,  in  1877,  244-276.  Failure  of  Park,  Bi'o.  &  Co.'s  ex- 
periments in  1878,  276.  Success  of  experiment  of  R.  I.  Anderson  with  a  rotator 
at  Tyrone,  276.  Construction  of  a  large  plant  at  Pittsburgh  by  the  Siemens-An- 
derson Steel  Company,  277.  Detailed  account  of  process  at  Pittsburgh,  with 
cost  of  produetion,  278-280.  Cost  of  open-hearth  steel  made  with  Siemens  direct 
blooms,  280.  Abstract  of  reports  of  rotator  at  Landore,  281.  Discussion,  De. 
Egleston,  and  Messrs.  Metcalf  and  Howe. 

Laughlin  gold  mine,  North  Carolina,  476. 

Laurel  Forge,  visit  to,  124. 

Laurentian  rocks  in  the  Atlantic  area,  478-480. 

Lead,  refining  of  base  bullion  by  electricity,  312. 

Lead  ores  of  Lake  Valley,  New  Mexico,  432. 

Lead  smelting  at  Leadville,  monograph  by  A.  Guyard,  421. 

Leadville,  Colorado,  geology  and  mining  industry  of,  416,  420. 

Leaatitt,  E.  D.,  Jr.,  remarks  in  the  Discussion  on  Iron  and  Steel  considered  as  Struc- 
tural Materials,  372. 

Lebanon,  Pa.,  visit  to,  126. 

Lignites  in  Northern  Mexico,  271. 

Limestone  quarry  at  Glendon,  large  blasts  at,  304. 

Lincoln  claim.  Lake  Valley,  New  Mexico,  429,  443. 

Lochiel  rolling  mill,  132 ;  visit  to,  124. 

Longdale  iron  works,  visit  to,  7. 

Longmaid's  process  of  copper  extraction,  11. 

Louise  furnace,  134.  * 

Low  Moor  iron  works,  visit  to,  7. 

Lucknow's  process  for  determining  copper  by  electrolysis,  57,  65. 

Luray  Cave,  visit  to,  7. 
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Lyle,  Captain,  remarks  in  the  discussion  on  Iron  and  Steel  considered  as  Structural 
Materials,  369. 

McCormick  estate,  iron  works  of,  132. 

McKennan,  Judge,  charge,  in  case  of  Messrs.  Atkins  vs.  The  Edge  Moor  Iron  Com- 
pany, 400. 

Macfarland,  Thomas,  investigations  in  the  metallurgy  of  copper  ores,  15. 

Macdonald,  Charles,  On  the  Necessity  of  Government  Aid  in  Organizing  a  Sijstem 
of  2''ests  of  Materials  used  for  Structural  Purposes,  362. 

Mackintosh,  J.  B.,  Electrolytic  Determination  of  Copper  and  the  Formation  and  Com- 
position of  so-called  Altotropic  Copper,  3,  57. 

Magdalena  Mountains,  Southern  New  Mexico,  425. 

Magnesian  limestones  in  Southeastern  Missouri,  448. 

Magnetic  separation  of  nickel  and  copper  ores,  305-308. 

Malachite  in  Ste.  Genevieve  County,  Missouri,  449. 

Manganese  Determinations  in  Steel  (Kent),  4,  101.  Analyses  of  the  same  sample  of 
steel  by  twelve  chemists,  with  methods  used,  101-107.  Discussion,  Drs. 
Drown  and  Dudley,  107-109. 

Manganeae  in  Bessemer  Rail-steel  (Cabot),  241,  302.  Effect  of  the  amount  of  man- 
ganese on  the  rolling  of  Bessemer  rail-steel. 

Manganese:  Determination  in  pig  iron  and  steel,  100-111,  173,  189,  191,  194,  197, 
203.     Effect  on  the  color-test  for  carbon,  184.     Effect  on  the  rolling  of  Bessemer 
.     steel,  302.     Limits  in  Bessemer  rail-steel,  410.     Presence  in  filter-paper,  108. 
Relation  to  carbon — gray  pig  iron  with  16  per  cent.,  269. 

Manganese  ores  in  Lake  Valley,  New  Mexico,  432. 

Marshbanks  &  Sons'  works,  Harrisburg,  136. 

Massachusetts  iron  mines,  valuation  of,  289. 

Mather  &  Geist,  Pueblo  smelting  works,  436. 

Matheson,  E.,  paper  read  before  the  Institution  of  Civil  Engineers,  on  steel  for 
structures,  405. 

Mattes :  Made  in  copper  smelting  at  Ore  Knob,  N.  C,  34-45.  Containing  tellurium, 
494. 

May  Meeting  :  Proceedings  of,  1.     Papers  of,  9. 

Maynard,  G.  W.,  Late  Developments  in  the  Siemens  Direct  Process,  240,  274. 

Meetings:  Harrisburg,  119.     Virginia,  1.     Washington  (Annual),  225. 

Meigs,  General,  remarks  in  the  discussion  on  Iron  and  Steel  considered  as  Struc- 
tured Materials,  368. 

Mell,  p.  H.,  Jr.,  The  Southern  SoapMones,  Kaolin,  and  Fireclays,  and  their  Uses, 
241,  318. 

Melting  of  steel  by  electricity,  313. 

Members  and  associates:  Elected,  5,  6,  121-123,  236-238.  Died,  242.  Dropped 
or  resigned,  243. 

Memorial  session  of  Alexander  Lyman  ITolley,  238. 

Memorial  to  Congress  to  establish  a  board  to  lest  structural  inatciials,  361,  366. 

Merchantable  iron,  400. 

Metallization  of  the  dike,  Tombstone,  Arizona,  340. 

Metallurgical  uses  of  electricity,  312-317. 

Metallurgy :  Of  the  Lake  Valley  ores,  435.     Of  nickel  and  copper,  305. 

Metcalf,  William,  remarks  in  the  Discussion  on   Iron  and  Steel  considered  as 
Structural  Materials,  403. 
VOL.  X.— 33 
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Mexico:  Coal  in  the  Santa  Rosa  district,  270.  The  San  Miguel  silver  property, 
Batopilas,  the  new  mill,  293. 

Midnight  location,  Black  Range  Mountains,  N.  M.,  441. 

Milling  gold  ores :  In  the  Black  Hills,  87-89.  Lake  Valley  ores,  435,  437.  Bato- 
pilas, Mexico,  293-302. 

Mirabres  Mountains,  Southern  New  Mexico,  426,  428,  440. 

Mineral  regions  of  Southern  Xew  Mexico  (B.  Sillijian),  240,  424.  Socorro  mines, 
Torrence  vein,  presence  of  vanadium  minerals,  stamp-mill,  424,  425.  The 
Magdalenas,  425.  The  Juniata,  Imperial,  Kelly,  and  Sophia  locations,  426. 
The  Oscura.s  Permian  copper  beds,  427.  Resemblance  to  Russian  copper  beds, 
427.  Vitreous  copper  ore  near  Fort  Stanton,  427.  The  Lake  Valley  or 
Sierra  mines,  428.  Their  geological  horizon,  430.  Dips  of  strata,  431.  Min- 
eralogical  character  of  the  Lake  Valley  ores,  431,  432.  Croppings  of  cherty 
quartz,  and  iron  and  manganese  oxides,  433.  Assay  of  the  ores,  434.  Work- 
ing tests,  434.  Treatment  of  the  ores  from  the  Sierra  mines,  435.  Nature  and 
origin  of  the  Lake  Valley  silver  ores,  436.  The  mill,  437.  New  develop- 
ments, 437.  The  Hopeful  shaft,  439.  The  Black  Range,  440.  Pyromorphite 
replaced  by  wulfenite  and  vanadium  compounds,  443. 

Mineral  veins,  Hoefer's  method  of  determining  faults  in,  456. 

Mineralogy  of  the  Lake  Valley,  N.  M.,  ores,  431. 

Mining :  Copper  ores  at  Ore  Knob,  N.  C,  26,  29.  Copper  ores  in  Ste.  Genevieve 
County,  Mo.,  454.     Electrical  apparatus  for  the  mining  engineer,  3u9. 

Mining  and  milling  on  the  Corastock  lode,  420,  421. 

Mining  geologists.     See  Mining  Work  of  the  U.  S.  Geological  Survey. 

Mining  lamp  for  engineers,  498. 

Mining  statistics,  annual  reports  of  the  U.  S.  Geological  Survey,  422,  423. 

Mining  Work  of  the  TJ.  S.  Geological  Survey  (Emmons),  241,  412.  Organization  of 
the  U.  S.  Geological  Survey,  412.  Plan  of  work  adopted,  general  geology  and 
mining  geology,  412,  413.  Relation  of  the  government  geologists  to  the  min- 
ing engineers,  414.  Importance  of  studying  the  geological  structure  of  a  rain- 
ing region,  414-416.  Geological  study  of  the  Leadville  ore  deposits,  416-419. 
Further  illustrations  of  the  value  to  the  mining  engineer  of  accurate  geological 
knowledge,  419.  G.  F.  Becker's  study  of  the  Comstock  lode,  420.  A.  Hague's 
study  of  the  Eureka  district,  Nevada,  421.  W.  R.  Eckart's  report  on  the  me- 
chanical appliances  used  in  mining  and  milling  on  the  Corastock,  421.  Annual 
review  of  mining  industry,  co-operation  of  the  Director  of  the  Census,  422,  423. 

Modelling  in  topography  and  geology,  264. 

Monnier's  process  of  copper  extraction,  11. 

Montalban  system  in  the  Atlantic  area,  .478-480. 

Monte  Christo  location,  Black  Range  Mountains,  N.  M.,  441. 

Ivlontezuma  location.  Black  Range  Mountains,  N.  M.,  441. 

MoRisoN,  G.  S.,  remarks  in  the  Discussion  on  Iron  and  Steel  considered  as  Struc- 
tural Materials,  396. 

Mortars  in  starap  batteries,  95. 

Mother  coal  or  dant,  85. 

Muhlenberg,  N.  H.,  and  Dkoavn,  T.  M.,  On  the  Solution  of  Pig  Iron  and  Steel  for 
the  Determination  of  Phosphorus,  5,  85,  329, 

r 

Nail  works  :  Harrisburg  nail  works,  132.     Chesapeake  nail  works,  133. 

National  Museum,  Washington:  Meeting  in,  227.  Authorization  to  transfer  col- 
lections to,  243. 
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Natural  Bridge,  Va.,  visit  to,  8. 

Necessity  of  Government  Aid  in  Organizing  a  System  of  Tests  of  Materials  used  for  Struc- 
tiaal  Purposes  (Macdonald),  362. 

Need  of  a  National  Board  for  Testing  Metals  of  Construction  (Boller),  380. 

Negrettu  Monntains,  Southern  New  Mexico,  426,  428,  440,  443. 

New  England,  comparison  of  its  crystalline  rocks  with  those  of  Virginia,  477. 

New  Jersey  and  New  York,  valuation  of  iron  mines  of,  288. 

New  Mexico,  the  mineral  regions  of  Southern,  424-444. 

New  Mill  at  Butopilas,  State  of  Chihuahua,  Mexico  (Randolph),  238,  293.  Prop- 
erty of  the  Consolidated  Batopilas  Silver  Mining  Company  of  New  York, 
293.  Character  of  vein  and  ores,  293,  294.  Production,  294.  Comparison 
with  Silver  Islet  ores,  29o.  Situation  of  Batopilas,  difficulty  of  transportation, 
295.  Description  of  the  mill,  296.  Objects  in  view  in  designing  the  mill,  297. 
Arrastres  in  use,  298.  Classification  of  the  ores  and  their  treatment,  298-300. 
Sectionalizing  the  mill,  300.     Cost,  301. 

New  River  Canon,  Virginia,  visit  to,  8. 

New  York :  Geology  of  the  oil  region,  356.  Production  of  oil,  357.  Amount  of 
oil  remaining,  360.     Valuation  of  iron  mines  in,  288. 

New  York,  Lake  Erie  and  Western  Railroad,  bridge  specifications,  377. 

Nichols,  Edward,  Some  Drift  Hematite  Deposits  in  East  Tennessee,  241, 480. 

NiCHOLSOx,  Frank,  A  Review  of  the  Ste.  Genevieve  Coppei-  Deposit,  241,  444. 

Nickel :  Effect  on  the  color-test  for  carbon,  185.  Electrolytic  method  for  separating 
nickel  and  other  metals,  307.  Thompson's  process  for  the  extraction  of  nickel 
from  its  ores,  305. 

Nickel  and  cobalt:  Association  with  copper,  64;  with  copper  ores,  19,  23. 

North  Carolina  :  Ore  Knob  copper  deposit,  25.  Wide  distribution  of  gold,  475, 
476. 

Obelisk,  gift  to  the  Institute  of  specimens  connected  with  tlie  New  York  oljelisk, 

6,  7. 
Obstructions  in  blast  furnaces  removed  by  the  use  of  high  explosives,  206. 
OctoV>er  Meeting  :  Proceedings  of,  119.     Papers  of,  125. 
Officers  elected,  244. 
Oil :  Amount  remaining  in  Pennsylvania  and  New  York,  354-360.     Production, 

357. 
Oil  regions  of  Pennsylvania  and  New  York,  boundaries  and  geology  of,  354-357. 
Open- hearth  steel  made  from  Siemens  direct  blooms,  2S0,  282,  286.     Economy 

doubted,  286. 
Ore  Knob  copper  process,  25. 

Orford  Copper  Company's  works  at  Bergen  Point,  N.  J.,  482. 
Origin  of  the  Ste.  Genevieve,  Missouri,  copper  deposit,  452. 
Origin  of  ores  in  Lake  Valley,  New  Mexico,  436. 
Oscurars  Permian  copper  beds,  in  Southern  New  Mexico,  427. 

Palaeozoic  rocks  in  Virginia,  47S. 

Park,  Brother  &  Co.'s  failure  with  the  Siemens  direct  process,  276. 

Paxton  blast  furnaces,  133.     Rolling  mills,  124. 

Peculiarities  in  the  Occurrence  of  Gold  in  North  Carolina  (Kkrr),  240,  475.  Occur- 
rence in  gneiss,  475.  In  feldspathic  schists,  475.  In  schistose  limestone,  475. 
In  tjuartzite  schist,  475.  In  quartz  shales,  475,  476.  In  quurtzitcs  and  felsite  of 
the  lluronian  hills,  476.     In  a  trap  dike,  476. 
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Pencoyd  iron  works,  tests  of  iron  bars,  401. 

Pennsylvania:  Available  tonnage  of  the  bituminous  coal-fields,  144.  Casualties 
in  anthracite  coal  mines,  67.  Geology  of  the  oil  region,  production  of  oil, 
amount  of  oil  remaining,  356-360.  The  Siemens  direct  process  at  Tyrone  and 
Pittsburgh,  277-284. 

Pennsylvania  Lead  Company's  woi-ks,  method  of  assaying  silver  bullion,  490. 

Pennsylvania  Museum  and  School  of  Industrial  Art,  transfer  of  the  collections. of 
the  Institute  authorized,  243. 

Pennsylvania  Railroad  Company :  Special  train  provided  by,  124.  Specifications 
for  iron  bars,  401. 

Pennsylvania  Steel  Company:  Description  of  works  of,  124.  Hospitality  of,  124, 
126.     Visit  to  works,  124. 

Permian  copper  beds  in  Southern  New  Mexico,  427. 

Philadelphia  and  Reading  Coal  and  Iron  Company,  visit  to  the  hematite  ore  mines 
of,  124. 

Philadelphia  and  Reading  Railroad  Company,  special  train  provided  by,  126. 

Phosphoric  acid  (see  also  Pliosphorus) :  Determination  of,  in  ores  containing  titanic 
acid,  137.     Replaced  by  molybdic  and  vanadic  acid,  443. 

Phosphorus:  Determination  in  pig  iron  and  steel,  85,  166,  188,  192,  193,  196,  197, 
203,  241-322.  Effect  in  the  color-test  for  carbon,  184.  Eliminated  in  iron- 
making  at  low  temperatures,  285.  Existing  to  the  extent  of  15  per  cent,  in 
pig  iron,  391.  Limits  in  Bessemer  rail-steel,  410.  Low  phosphorus  in  drift 
hematite  deposits  in  East  Tennessee,  481. 

rhosphorus  Determinations  in  Pig  Iron  and  Steel  (Bachman),  241,  322.  A  compari- 
son of  the  methods  and  results  of  nineteen  chemists  in  determining  phosphorus 
in  pig  iron  and  steel. 

Pig  copper  refining  at  Ore  Knob,  46. 

Pig  iron:  Determination  of  phosphorus  in,  85,  322-334.  Determination  of  silicon, 
85,  325.     With  15  per  cent,  phosj^horus,  391. 

Pima  Copper  Mining  and  Smelting  Company's  works  at  Pelton,  Arizona,  experi- 
ments on  fans  and  positive  blowers,  483. 

Pine  Grove  furnace,  visit  to,  124. 

Pittsburgh,  Pa.,  Siemens  direct  process  at  the  Siemens-Anderson  Steel  Company's 
works,  277-284. 

Placer  mines,  Black  Hills,  Dakota,  465-475. 

Positive  blowers,  efficiency  of,  compared  with  fans,  482. 

Potsdam  formation,  Black  Hills,  Dakota,  gold  and  silver  in,  465-475. 

Potsdam  quartzites,  relation  to  the  Atlantic  gneisses,  477,  478. 

Powell,  Major  J.  W.,  address  at  the  Washington  Meeting,  232.  Reception  of  Major 
and  Mrs.  Powell,  238. 

Precious  metals  :  Production  of  the  Tombstone  mines,  335.  Separation  from  cop- 
per, 11. 

President  Arthur's  reception  at  the  White  House,  240. 

Petroleum.     See  Oil. 

Prevention  of  smoke  in  tlie  Flannery  boiler-setting,  212-219. 

Proceedings:  Virginia  meeting,  1.  Harrisburg  meeting,  119.  Washington  (An- 
nual) meeting,  225. 

Production  of  bituminous  coal  in  Pennsylvania,  149. 

Production  of  iron  and  steel  in  the  United  States,  382. 

Production  of  iron  mines  in  New  York,  New  Jersey,  Connecticut,  and  Massachu- 
setts, 289. 
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Production  of  oil  in  Pennsylvania  and  New  York,  357. 

Production  of  the  Ore  Knoli  copper  mine,  28. 

IVoduction  of  tlie  precious  metals  of  the  Tombstone  mines  and  mills,  334. 

l*roduction  of  Ste.  Genevieve  copper  mines,  455. 

Production  of  the  mines  of  the  United  States,  reports  of  the  U.  S.  Geological  Sur- 
vey, 422,  423. 

Projection  drawing,  instruments  for,  201. 

Provisions:  Prices  at  Ore  Knob,  X.  C,  31.     At  Ste.  Genevieve  copper  mines,  455. 

Pueljlo  smelting  works  of  Mather  &  Geist,  436. 

Punching  not  allowable  in  structural  steel,  405. 

Purification  of  water  by  filtration,  112-118. 

Pyromorphite  replaced  by  vanadium  compounds  in  Southern  New  Mexico,  443, 
by  wulfenite  in  the  lead  and  silver  veins  of  Central  North  America,  443. 

Pyrrhotite  in  Ore  Knob  ores,  56,  57. 

Rail-steel :  Chemical  method  for  analyzing,  162.  Efl^ect  of  manganese  on  the  roll- 
ing of,  302. 

Kand,  A.  C,  description  and  exhibition  of  a  new  blasting  compound,  123,  124. 

Eandolph,  J.  C.  F.,  The  New  Mill  at  Baiopilaf;,  State  of  Chihuahua,  3/exico, '238,  293. 

Raymond,  R.  \V.,  Hoefer\  Method  of  Determining  Favlts  in  Mineral  Veins,  241,  456. 

Receptions:  In  Harrisburg,  124.     In  Staunton,  4.     In  Washington,  238,  240. 

Refining  pig  copper  at  Ore  Knob,  46. 

Refreshment  of  metals,  393. 

Report  of  the  Council,  242. 

Report  of  the  secretary  and  treasurer,  242. 

Resolutions  of  thanks,  7,  125,  244,  245. 

Rhodes  gold  mine,  N.  C,  475. 

Rich  Hili  Iron  Ores  (Dewey),  4,  77.  Geology  of  Rich  Hill,  77,  78.  Amount  of 
ore,  78.     Analyses  of  ores,  78,  79.     Topography  and  transportation,  79,  80. 

Richmond  and  Alleghanj'  Railroad,  special  trains  provided  by,  7,  8. 

Roberts,  Percival,  Jr.,  remarks  in  the  discussion  on  Iron  and  Steel  considered  as 
Strudvrai  Materials,  399. 

Rock  breakers,  P>lake's,  97. 

Rocks  of  Virginia  compared  with  those  of  New  England,  477. 

Roof-falls  in  anthracite  coal  mines,  from  1871  to  1880,  67. 

Rotator.     See  Siemens  direct  process. 

RoTHWELL,  R.  p..  The  Gold-fields  of  the  Southern  Portion  of  San  Domingo,  241,  345. 

Rubbers  (Eureka)  in  stamp  mills,  97. 

Russell  gold  mine,  North  Carolina,  476. 

Rustlers  (banditti)  in  Southern  New  Mexico,  441. 

Saccharoidal  limestone  in  Southeastern  Missouri,  448. 

Salamanders,  treatment  C)f,  in  Ore  Knob  copjier  jirocess,  45.  (See  also  Blast  fur- 
nace.) 

Sandberg,  C.  p.,  communication  to  the  discussion  on  Iron  and.  Steel  considered  as 
Structural  Mfderials,  405.  Introduction  to  Mr.  Troilius's  paper  on  Chemical 
Methods  of  Amdtjziug  Itail-steel,  162. 

San  Domingo,  the  gold-fields  of,  345. 

San  Miguel  silver  property,  at  Batopilas,  Mexico,  293. 

Santa  Rosa  district,  Mexico,  occurrence  of  coal,  270. 

ScaflTolds  in  the  l)last  furnace  removed  by  liigh  explosives,  206. 

Scale  from  Landore,  analysis  of,  281. 
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Schmidt,  Dr.,  geology  of  the  Ste.  Genevieve,  Mo.,  copper  deposits,  453. 

Schutzenberger's  allotropic  copper,  59,  61,  62. 

Secretary's  and  treasurer's  report,  242. 

Sections  of  the  ore-deposits  in  >Ste.  Genevieve  County,  Mo.,  450. 

Shaking  engine  (Eurich's)  for  the  volumetric  assay  for  silver,  492. 

Sharples,  S.  p.,  note  on  black  band  iron  ore  in  West  Virginia,  4,  80.     Remarks 

in  discussion  of  Mr.  Mackintosh's  paper  on  the  Determination  of  Copper  by  Elec- 
trolysis, 65. 
Sheffelin  Brothers  made  first  location  at  Tombstone,  Arizona,  334. 
Shenandoah  Iron  Works,  visit  to,  7. 

Slienandoah  Valley  Railroad,  special  train  provided  by,  7. 
Sherman,  General,  address  of,  227. 

Sliimer,  P.  W.,  detection  of  manganese  in  filter  paper,  108 
Shimer,  p.  W.  and  Drowx,  T.  M.,   The  Analysis   of  Iron    Ores   containing   both 

Phosphoric  and  Titanic  Acids,  124,  137. 
Shoes  in  stamp-batteries,  95. 

Shumard,  Dr.,  Geology  of  the  Ste.  Genevieve  copper  deposits,  447. 
Siemens-Anderson  Steel  Company's  works  at  Pittsburgh,  277-284. 
Siemens  direct  process  at  Pittsburgh  and  Landore,  271-284.     Economy  doubted, 

286. 
Siemens-Martin  steel :    Made  with  Siemens   direct   blooms,  280,  282-286.     More 

regular  than  Bessemer  steel,  411. 
Sierra  mines  :  Sierra  Bella,  Plata,  Grande,  and  Apache,  Lake  Valley,  New  Mexico, 

429,  437. 
Silicon:  Determination  in  iron  and  steel,  85, 172,  189,  194, 197,  200,  325.    Effect  on 

color  test  carbon,  185.    Great  source  of  irregularity  in  Bessemer  steel,  408,  410. 

Limits  of  in  Bessemer  rail  steel,  410.     Necessary  to  give  solid  ingots,  409. 
SiLLiMAN,  B.     The  Mineral  Regions  of  Southei-n  New  Mexico,  240,  424. 
SiLLiMAN,  J.  M.     Instruments  for  Projection  Drawing,  241,  261. 
Silver:  In  Ore  Knob  copper,  50, 51.   Separation  from  copper,  11  e<  .se^.   Separation 

from  copper,  lead,  and  zinc,  by  electrolysis,  312,  315,  317. 
Silver  bullion,  assaying  of,  490. 

Silver  chloride,  solubility  in  sodium  and  other  chlorides,  14,  24. 
Silver  Cliff,  experience  at,  with  milling  raanganiferous  silver  ores,  435. 
Silver  mill  at  Batopilas.  Mexico,  293. 
Silver  ores  of  Southern  New  Mexico,  424-444.     Assay  of,  4.34,  435.    Manganife- 

rous,  435.     Metallurgical  treatment,  435-437.     Nature  and  origin  of,  436.  , 
Silver  ores  near  the  coal  mea.sures,  Santa  Rosa  district,  Mexico,  271. 
Silver  ores  at  Batopilas,  Chihuahua,  Mexico,  293,  294,  298-300. 
Slag  pots  at  Ore  Eaiob,  North  Carolina,  39. 

Slags  in  copper  smelting  at  Ore  Knob,  North  Carolina,  38,  39,  45,  47. 
Smelting  at  Leadville,  monograph,  by  A.  Guyard,  421. 
Smelting  copper  ores  at  Ore  Knob,  North  Carolina,  25. 
Smelting  silver  ores  from  Lake  Valley,  New  Mexico,  435,  436. 
Smock,  J.  C,  Valuation  of  Iron  Mines  in  New  York  and  New  Jersey,  241,  288. 
Smoke,  prevention  of,  in  the  Flannery  boiler-setting,  212-219. 
Soapstone :  Occurrence  in  the  Southern  States,  analyses,  fire-test,  used  by  the  Indians 

for  utensils,  318-321. 
Socorro  mines.  New  Mexico,  424. 
Solution  of  Pig  Iron  and  Steel  for  the  Determination  of  Phosphorus  (Muhlenberg  and 

Drown),  5,  85,  329. 
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Sophia  Location,  Magdalena  Mountains,  New  Mexico,  426. 

Southern  Soapstones,  Kaolin.,  and  Firccknjs  and  their  Uses  (Mell),  241,  318.  Fire- 
tests  of  soapstones,  318,  319,  321.  Analyses  of  specimens  from  Alabama,  Geor- 
gia, North  Carolina,  and  South  Carolina,  318-320.  Use  of  tliis  soapstone  by 
tlie  Indians  for  utensils,  321.  Analyses  of  kaolin  from  Alabama,  321,  322.  Fire- 
clay, 322. 

Spanish  iron  ore,  analysis  of,  281. 

Spanish  pyrites,  metallurgical  treatment  of,  lo. 

Specifications  for  iron  and  steel,  necessity  of  having  a  history  of  the  manufacture, 
403,404. 

Specifications^ for  Testing  Iron  and  Steel  (Roberts),  399. 

Splint  Coal  of  the  Kanawha  Valley,  West  Virginia,  81. 

Stamp  mill :  At  Batopilas,  Mexico,  293.  At  the  Father  de  Smet  Mine,  Black  Hills, 
94.  At  the  Sierra  Mines,  Lake  Valley,  New  Mexico,  437.  At  the  Socorro 
Mines,  New  Mexico,  425. 

Standard  tests  and  specifications  for  iron  and  steel,  403,  405,  411. 

Stanton  Claim,  Lake  Valley,  New  Mexico,  429. 

Stas  pipette,  for  silver  assaying,  493. 

Statistics  of  production,  etc.     See  Production. 

Staunton,  Virginia,  meeting  and  reception  at,  3,  4. 

Steam-bath  for  laboratory  use,  490. 

Steam-boiler  works,  Harrisburg,  Pa.,  13(5. 

Steel :  Characters  fitting  it  for  structural  uses,  366,  398.  Effect  of  manganese  on 
the  rolling  of,  302.  Importance  of  more  reliable  knowledge  and  tests,  366, 
375.  Maximum  strain  allowed  by  Board  of  Trade  in  England,  405.  Melting- 
by  electricity,  313.  Open-hearth  steel  made  from  Siemens  direct  blot)nis,  280,. 
282,  286.  Open  hearth  and  basic  steel  more  regular  than  Bessemer  steel,  411. 
Punching  not  allowable  in  structural  steel,  405.  Strength  and  ductility  go 
together,  405.     See  also  Testing  of  Steel. 

Steel :  Discussion  on  Iron  and  SteM  considered  as  Structural  3Iaterials,  361-411. 

Steel  for  structures,  a  paper  by  Matheson,  405. 

Steelton,  Pa.,  visit  to,  124. 

Steel  wires  coated  with  copper,  317. 

Steel  works:  Description  of  the  Pennsylvania  Steel  Works,  129.     Visit  to,  124. 

Sle.  Genevieve  Copper  Deposit  {l^iiCHOi^oJfi), 'Ml,  44:i.  Historical  sketch,  444.  Dis- 
covery and  assay  of  ores,  444.  New  openings,  445.  Extraction  of  ore,  445. 
Shipment  of  ore,  446-  Geology,  446.  Number  of  beds,  448.  Ores,  449.  Sec- 
tions of  the  ore-deposit,  450.  Geological  history  of  the  deposit,  452.  Method 
of  working,  454.     Cost  of  working  and  of  provisions,  455,  456. 

Storage  of  electricity,  313,  316. 

Strieby  Claim,  I.,ake  Valley,  New  Mexico,  429. 

Structural  Materials :  Iron  and  Steel  considered  a^  Structural  Materials. — A  Discus- 
sion, 361-41 1. 

Sturtevant  fans,  experiments  to  determine  tlie  cfliciency  of,  484-490. 

Subscription  dinner,  Washington  Meeting,  240. 

Sulpluir:  Determination  in  iron  and  steel,  177,  189,  195,  197,  201.  EfTei-t  on  the 
color- test  for  carbon,  185.     Limits  in  Bessemer  rail  steel,  410. 

Sulphur  fumes  resulting  from  smelting  at  Ore  Knob,  56. 

Sulpburet  Claim,  Tombstone,  Arizona,  342. 

.Surprise  Location,  Black  Range  Mountains,  New  Mexico,  441. 

Swansea  Copper  Mine,  Ste.  Genevieve  CcMuity,  Mo.,  445,  149, 


520  INDEX. 

Tnbles  in  stamp  mills,  97. 

Taylor's  Eidge,  East  Tennessee,  drift  hematite  deposit,  481. 

Tellurium  in  Copper  (Egleston),  125,  493. 

Tenorite  in  Ste.  Genevieve,  Missouri,  copper  deposit,  445,  450. 

Test  Support  for  the  English  Cupellation  Furnace  (F.  C.  Blake),  124,220. 

Testing  Macliine  at  Watertowu  Arsenal.     See  United  States  Testing  Machine. 

Testing  of  ircn  and  steel  (see  also  Steel  and  United  States  Testing  Machine).  Chemical 
tests,  406.  Comparative  tests  of  iron  bars  at  Pencojd  Iron  Works,  Fairbanks' 
and  Watertown  Arsenal,  401.  Effect  of  vibration  or  impact,  384,  406,  407. 
Government  aid  in  testing  materials  of  construction,  361-41 1.  Importance  of 
testing  full-sized  members,  364,  375,  377,  .378,  .383,  392,  398.  Influence  of  size 
of  bar  on  its  strength  per  square  inch,  375,  377.  Necessity  of  knowing  his- 
torv  of  manufacture,  403.  Specifications  for  testing  iron  and  steel,  399,  403. 
Standard  tests,  403,  405,  411.  Strength  and  ductibility  should  always  be  men- 
tioned together,  405.  Tensile  strength,  400.  Unreliability  of  ordinary  testing 
machines,  369,  370.  Work  of  the  United  States  Board  for  Testing  Iron  and 
Steel,  363,  364. 

Texas,  brown  coal  near  San  Antonio,  272. 

Tidal  Wave  Claim,  Black  Range  Mountains,  New  Mexico,  443. 
•Titanic  acid,  determination  of,  in  ores  containing  phosphoric  acid,  137. 

Tombstone,  Arizona,  geology  and  veins  of,  334-344. 

Topoc/rapkicul  and  Geological  Modelling  (Harden),  241,  261.  Description  of  the 
method  used  in  making  plaster  models  to  show  topographical  and  geological 
features. 

Tonnage  of  the  bituminous  coal  fields  of  Pennsylvania,  144. 

Torrence  Mine,  Socorro,  New  Mexico,  424. 

Toughnut  Claim,  Tombstone,  Arizona,  336,  342-344. 

Transactions  of  the  American  Institute  of  Mining  Engineers,  classification  of  papers, 
233,  234. 

Transportation  in  the  South,  57. 

Traps  in  stamp  mills,  97. 

Treasurei''s  report,  242. 

Treasury  Department,  Washington,  visit  to,  240. 

Troilius  Magnus.     Chemical  Methods  of  Analyzing  Rail  Steel,  124,  162. 

Tungsten,  effect  on  the  color-test  for  carbon,  185. 

Tyrone,  Pa.,  Anderson's  experimental  rotator,  276. 

United  States  Board  to  Test  Iron,  and  Steel :  Creation  of,  363,  384.  Work  of,  363, 
364,  385,  392.     Abolishing  of,  387. 

United  States  Geological  Survey.  See  the  Mining  Work  of  tlie  United  States  Geo- 
logical Survey. 

United  States  Testing  Machine  at  Watertown  Ai*senal,  363,  364,  367,  370,  371,  372, 
374,378,385,390,396,401. 

Use  of  High  Explosives  in  the  Blast  Furnace  (AVitiierbee),  125,  206.  An  account 
of  the  removal  of  obstructions  in  the  Cedar  Point  Furnace,  April,  1881,  by  the 
use  of  Atlas  powder. 

Vduation  of  Iron  Mines  in  New  York  and  New  Jersey  (Smock),  241,  238.  Table  of 
mine  statistics,  289.  Ratios  of  product  to  capital,  289.  Cost  of  ore  per  ton,  290. 
Elements  whicli  enter  into  the  problem  of  valuation,  290-293.  Duration  of 
mines,  291.     Method  of  valuation,  292,  293. 

Vanadium,  effect  on  the  color-test  for  carbon,  185. 
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Vanadiiini  minerals  in  Southern  New  Mexico,  425,  432,  443. 

Veins,  Hoefer's  method  of  determining^  faults  in,  456. 

Vibration,  eflect  on  iron  and  steel,  384. 

Virginia:  Comparison  of  its  crystalline  rocks  with  those  of  New  England,  477. 

The  Falling  Cliff  Zinc  Mine,  111.     The  Rich  Hill  iron  deposit,  77. 
Virginia  meeting:  Proceedings  of,  1.     Papers  of,  9. 
Vizina  Claim,  Tombstone,  Arizona,  336. 
Volhard's  method  of  determining  manganese,  204. 
Volumetric  assay  of  silver  bullion,  491-493. 

Volumetric  Estimation  of  Manganese  in  Pig  Iron  and  Steel  (Williams),  3,  100. 
Volumetric  Method  of  Estimating  Phosphorus  (Wright),  197. 

Ward,  W.  P.     Notes  on  the  Behavior  of  Manganese  to  Carbon,  240-269. 

Washington  (Annual)  Meeting:  Proceedings  of,  225.     Papers  of,  247. 

Water,  mechanical  purification  by  filtration,  112-118. 

Watertown  Arsenal.     See  United  States  Testing  Machine. 

Way-up  Claim,  Tombstone,  Arizona,  336,  343. 

Welch  Ashbel,  remarks  in  the  Discussion  on  Iron  and  Steel  considered  as  Struc- 
tural Materials,  361. 

West  Virginia:  Blackband  iron  ore  on  Davis's  Creek,  80,  81.  Splint  coal  of  the 
Kanawha  Valley,  81. 

Wet-processes  of  copper  extraction,  11-25,  27,  56,  57. 

Wheeler's  Survey  discontinued  on  the  establishment  of  the  United  States  ( Geological 
Survey,  412. 

White  and  Parsons  locate  the  Grand  Central  and  Contention  claims,  337. 

White  House,  Washington,  visit  to,  240. 

White  Sulphur  Springs,  visit  to,  4,  8. 

Wild  Horse  Location,  Black  Mountains,  New  Mexico,  441. 

Williams,  F.  H.  A  Volumetric  Estimation  of  Manganese  in  Pig  Iron  and  Steel,  3, 
100.     Method  of  determining  silicon  in  pig  iron,  325. 

Wister  blast  furnace,  134. 

WiTHERBEE,  T.  F.     The  Use  of  High  Explosives  in  the  Blast  Farnuce,  125,  206. 

Walcott  on  the  geological  horizon  of  Lake  Valley,  New  Mexico,  430. 

Wood  :  Price  of,  at  Ore  Knob,  30      Testing  of  wood  and  wooden  structures,  393. 

Wright,  B.  B.     A   Volumetric  Method  of  Estimating  Phoxphorus,  197. 

Wrigley,  H.  E.  The  Amount  of  Oil  remaining  in  Pennsylvania  and  New  York, 
241,  354. 

Wulfenite  replacing  pyromorphite,  443. 

Yelitre,  H.  B.     Assays  of  the  Ste.  Genevieve  copper  ore,  444. 

Zimmerman's  rule  for  determining  faults  in  veins,  456. 

Zinc,  effect  on  copjier,  64. 

Zinc  ores,  the  Falling  Cliff  Zinc  Mine,  111. 


ERRATA. 

PiiKC  460.    In  Figure  3  there  should  l)0  inserted  an  O  l)otwecu  M  and  N. 
Page  4(i',),  9th  line  from  top,  for  JUnck  Tail  rend  lUncklnil. 
Page  470,  (Uh  line  from  bottom,  for  Terror  read  Golden  Terra. 

Page  472,  (Ith  line  from  top,  for  lUocktail  read  lilacklaU ;  also  on  piigo  47;i,  i:?th  line  Inini  bot 
torn. 
Page  472,  ir)tli  line  from  top,  for  rapiiir;  road  rappiiitj. 
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